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EXECUTIVE SUMMARY

GENERAL

This report presents the results of the Remedial Investigation/
Feasibility Study (RI/FS) conducted at the Ambler Asbestos Piles
site in Ambler, Pennsylvania. The report summarizes the data
acquired during the RI, presents the Endangerment Assessment, and
develops remedial alternatives based on the RI data and the
Endangement Assessment (EA) .

The RI/FS efforts have been performed in accordance with U.S. EPA
Contract No. 68-01-6939, under the authority of the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980
(CERCLA), more commonly known as Super fund, as amended by the
Superfund Amendments and Reauthorization Act of 1986 (SARA) .
Roy F. Weston, Inc. (WESTON) is the lead technical firm for this-v

^ investigation

INTRODUCTION AND SITE HISTORY

The Ambler Asbestos Piles site is located in the southwestern
portion of the Borough of Ambler, Montgomery County,
Pennsylvania. The site has been the location of almost a century
of asbestos products manufacturing in which the primary wastes
generated were spent magnesium/calcium carbonate, asbestos and
asbestos cement waste, and out-of-spec asbestos products. The
manufacturing wastes were deposited on three on-site areas
designated the Locust street Pile, Plant Pile, and Pipe Plant
Dump and two off-site areas northwest of the site adjacent to
Maple Avenue.

This RI/FS Report focuses on two of those waste piles, the Locust
Street Pile and Plant Pile, as well as a series of asbestos
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settling basins and filter bed lagoons that have operated on-site
throughout most of the plant's history to the present.

AREAS OF CONCERN

Based on the results of the RI and EA, the existing and future
risks to on-site and/or off-site receptors (with asbestos being
the contaminant of concern) involve those associated with the
direct contact/incidental ingestion; and the occupational and
ambient air inhalation pathways of exposures. The details of
these findings are summarized and evaluated throughout the
following RI/FS report document.

REMEDIAL ACTION OBJECTIVES AND TECHNOLOGY SCREENING

To address these existing and potential increased future risks,
the following remedial objectives were developed: /-̂

o Effectively restrict access to unauthorized persons
(piles and lagoon area). These persons would consist
primarily of trespassers; mostly children who have
frequently accessed the site, based on historical
reports. This objective would no longer be relevant
however, should a complete removal action be
implemented.

o Effectively remove, stabilize or contain the asbestos
contaminated media on site so that potential direct
contact/incidental ingestion exposures to on site
receptors are minimized, and potential releases of
asbestos to ambient air and adjacent surface waters are
not prevalent in concentrations which would create
unacceptable risks to on and off-site receptors.

A compilation and screening of potential remedial technologies
was performed in order to evaluate the initial feasibility of
remedial measures which could potentially be implemented to
address these objectives.

ES-2 ii
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REMEDIAL ACTION ALTERNATIVES

Based on the results of the technology screening, certain
remedial action alternatives were developed by the grouping
together of applicable technologies. The four (4) remedial
action alternatives developed for this site are shown below.

A detailed evaluation was performed as provided within this
document in accordance with CERCLA/SARA requirements and
guidance; utilizing both non-cost and cost related criteria.

i
The four remedial action alternatives developed for this site

i consist of:

1. No action (with site security improvements and future
monitoring).

~\ 2. Excavation/Removal (to off-site landfill).
3. Vitrification - Solidification/Stabilization.
4. On-site Closure.

Sections 9 and 10 of this document present findings of the
evaluation performed and summaries/conclusions relative to each
alternative (including Present Worth Analysis).

J :
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I'^l
1 1.0 INTRODUCTION

1.1 GENERAL

In May 1985, the REM II team was issued Work Assignment No.
123-3LA6 under U.S. Environmental Protection Agency (EPA)
contract No. 68-01-6939 to conduct a Remedial investigation/
Feasibility Study (RI/FS) for the Ambler Asbestos Piles Site.
This contract for the performance of remedial response activities
at uncontrolled hazardous waste sites was issued under the
authority of the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980, more commonly known as
Superfund and amended by the Superfund Amendments and
Reauthorization Act of 1986 (CERCLA). Roy F. Weston, Inc.
(WESTON) was named the lead firm of the REM II team for this work
assignment.

This report presents the findings of the RI, the Endangerment
Assessment (EA), and FS Report.

1.1.1 BACKGROUND

The Ambler Asbestos Piles site is located in the southwestern
portion of the Borough of Ambler, Montgomery County,
Pennsylvania. The site has been the location of almost a century
of asbestos products manufacturing in which the primary wastes
generated were spent magnesium/calcium carbonate, asbestos and
asbestos cement waste, and out-of-spec asbestos products. The
manufacturing wastes were deposited on three on-site areas
designated the Locust Street Pile, Plant Pile, and Pipe Plant
Dump and two off-site areas northwest of the site adjacent to
Maple Avenue. This RI Report focuses on two of those waste
piles, the Locust street Pile and Plant Pile, as well as a series

J
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of asbestos settling basins and filter bed lagoons that have
operated on-site throughout most of the plant's history to the
present.

U.S. EPA involvement focusing on the site as a source of asbestos
release began in the early 1970's in response to public
complaints of air and water contamination. A field survey was
conducted by EPA/PADER from December 1971 to January 1972.
In October 1973, EPA conducted an ambient air monitoring program
in Ambler as part of a study to review the National Emission
Standards for asbestos. Concentrations above 100 ng/m3, were
recorded on the two active piles (Plant Pile and Pipe Plant Dump)
and near the settling basins and filter bed lagoons. The highest
level was 1563 ng/m3, measured at the upstream end of the
settling basins. These levels are above recommended ambient air
guidelines for asbestos for New York City (recommended by
Nicholson) and the State of Connecticut (proposed).

During a June 1983 site investigation conducted by the NUS
Corporation Field Investigation Team (FIT), surface water samples
were taken from the wissahickon Creek downstream of the Locust
Street and Plant Piles and were found to contain more than ten
times the concentration of asbestos (chrysotile) fibers than
upstream samples. Samples taken from the Locust Street and Plant
Piles in September and December 1983 by the Technical Assistance
Team (TAT) and the Emergency Response Team (ERT) indicated
asbestos levels of up to 30 percent chrysotile and as high as 40
percent amosite asbestos fibers, wipe samples taken by the ERT
in December 1983 from public playground equipment less than 50
feet from the toe of the Locust Street Pile tested positive for
asbestos.

As a result of these findings, the Centers for Disease Control
(CDC) issued a Public Health Advisory recommending the closure of
the playground and determined that the site had the potential to

1-2 AR300109
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cause an immediate threat to public health and the environment.
Based on the evidence of air transport of asbestos fibers from
the piles to areas where human contact could result from
inhalation or ingestion, in 1983 EPA recommended and began
implementing a CERCLA Immediate Removal Action which concluded in
1985.

The Immediate Removal Action included closing and dismantling of
the playground, removal of the equipment, and covering the Locust
street Pile side slopes and portions of the top flat area with a
6-18 inch compacted soil cover stabilized with erosion control
netting and vegetated with crown vetch grass. Nicolet Inc.
(Nicolet), owner of the site, independently covered the Plant
Pile side slopes with a soil cover also vegetated with crown
vetch.

~j These actions have addressed the immediate need to significantly
reduce the potential of a release of asbestos fibers into the air
from the uncovered asbestos waste piles and into area surface
waters via stormwater runoff. Concern remains, howevtir,
regarding the long term stability of the cover material and waste
material and the potential for air releases from the exposed
plateau areas of these two piles. The potential impacts of the
basins and lagoons and the impacts associated with asbestos
contaminated surface waters are also of concern. The need for a
long range evaluation of the Locust Street and Plant Piles was
identified to assess any existing or potential environmental and
public health impacts following the Removal Action. This RI/FS
Report addresses these concerns and evaluates the actions
completed to date and the need for further action on the site.

\.
The Pipe Plant Dump is currently under study by a different
Potentially Responsible Party (PRP). The off-site areas adjacent

j to Maple Avenue are currently monitored by PADER.

A R 3 0 Q I I O
1-3

H tht page, •diluted In thiA {/tame it not at ntadabl.t .on legible at thit
label,, At 4.4 due to tAubtt«,ndand colon on condition o{ the oniginal page.



1.1.2 REGULATORY STATUS

Section: 1
Revision: 2
Date: August 1988
Page: 4 n

In October 1984, the Ambler Asbestos Piles site was proposed to
be included on the EPA Superfund National Priorities List. The
site was included (June 10, 1986) and is currently ranked 523 out
of 703 of the original National Priorities List (NPL), and is |
designated as an enforcement site for the RI/FS. The ranking on
the NPL is the score obtained using the Hazard Ranking System |
(HRS). The HRS evaluates the potential of uncontrolled hazardous
waste to cause health or safety problems, or ecological damage. |
The HRS assigns three scores to a hazardous facility:

o SM - The potential for harm from migration of a
hazardous substance away from the facility. It is a
composite score for routes involving groundwater,
surface water and air.

o SFE - The potential for harm from substances that can
explode or cause fire. ,̂,

o SDC - The potential for harm from direct contact with
hazardous substances at the facility.

Ambler was evaluated in June 1984 and received score of:

SM - 34.47 I
SFE - 0
SDC - 33.33 I

where the maximum score for each category is 100. The score for
migration hazard,.SM, was primarily due to migration by air. If
one or more of these three scores compute to above 28.5, the site i
is proposed for the NPL.

1.1.3 DEFINITION/TOXICITY OF ASBESTOS . '

Asbestos IB a collective term applied to numerous fibrous I
hydrated mineral silicates. There are two major forms of r,
asbestos: serpentine (chrysotile) and amphibole (amosite, J

1-4
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I crocidolite, anthophyllite, tremolite, and actinolite). The
chemical and physical characteristics of the different asbestos
fibers vary widely. Amphibole-type asbestos fibers, as an
example, tend to accumulate more readily than do chrysotile
fibers following inhalation exposure. Asbestos is stable and is
not prone to significant chemical or biological degradation in
the environment. Once inhaled, a large fraction of asbestos
fibers are cleared from the lungs by mucociliary action. Some
fibers, however, will remain in the lungs for decades after
inhalation exposure.

The severity of the health effects of asbestos depends on the
fiber length and diameter, the number of fibers, fiber
degradation and retention, and the type of asbestos present.
Although the relative toxicity of different types of asbestos
varies somewhat with the fiber type, all asbestos produces

-., adverse health effects and, therefore, it is generally considered
J a single entity.

Asbestos is a recognized human carcinogen, causing lung cancer
and mesothelioma, a form of neoplasm of the lining of the
thoracic and abdominal cavities, in workers exposed by
inhalation, The association between asbestos exposure by
inhalation and lung cancer was first reported in 1935.

Mesotheliomas have been identified in Individuals living near
asbestos plants. Cancers of the gastrointestinal tract and
larynx are also associated with inhalation exposure. Cigarette
smoking potentiates the risk of lung cancer in individuals
exposed to asbestos.

There is also evidence that oral exposure of humans to asbestos
may be associated with an increased incidence of cancer of the
gastrointestinal tract. Exposures have been through drinking

—' contaminated water, either from contact with asbestos deposits or

1-5
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transmission through asbestos-containing cement water mains. The
evidence is considered equivocal at this time.

Long-term exposure to asbestos fibers and contaminated dust also
causes asbestosis, a progressive and irreversible lung disease
characterized by diffuse interstitial fibrosis. Symptoms include
shortness of breath, cough rales, clubbing of the fingers, and
weight loss, Pulmonary changes occur more rapidly in more
severely exposed individuals.

1.1.4 PURPOSE, OBJECTIVES AND SCOPE OF REMEDIAL
INVESTIGATION (RI)

The purpose of this RI is to determine if the potential for
significant public health risks and environmental impacts still
exist at the subject site and, thus, if additional remedial
action is needed. This determination will be baaed on an
Endangerment Assessment following EPA guidelines. Under CERCLA,
an endangerment assessment must be conducted for NPL-listed
sites, including all enforcement sites. The Endangerment
Assessment, presented in Section 6.0 addresses the existing and
potential hazards to public health and/or the environment in the
absence of additional response actions (i.e., No Action
Alternative) .

The primary objective of the RI is to provide sufficient
quantitative information to complete the Endangerment Assessnent
and to support the FS. The following objectives were addressed
during the RI field investigation in order to provide the
necessary information for the Endangerment Assessment and
Feasibility studies:

o Locate immediate and/or potential sources of asbestos
release by identified pathways of migration (surface
water, air) that can reach sensitive receptors
resulting in public health risks and environmental
impacts.

I< the page tjllmed In tkit inant i4 not at ntadablt.ton ligiblt at thit-
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' o Identify contaminants other than asbestos that nay pose
an immediate or potential risk to public health and/or
the environment.

o Determine whether the site is securely closed as a
result of the previous "Removal Action" (i.e., no
pathways for asbestos or other contaminant release are
found at levels that pose a risk to human health or the
environment; present and future).

The scope of the RI field investigation was developed to achieve
these objectives based on a thorough review of available site
data. The following RI field activities were conducted from
December 1986 through 1987 in support of the RI task objectives:

o Performance of three rounds of source/receptor sampling
and two rounds of environmental air sampling on the
piles and off-site for asbestos analysis (January,
April & August 1987).

o Pile waste, surface water, and sediment sampling and
analysis for asbestos and hazardous compounds (Spring

•-\ 1987).

o Installation of twelve (12) piezometers to determine
water levels in the piles (installed in April-May and
monitored throughout 1987) .

o Construction of twelve (12) borings and two (2) test
pits into the Locust Street and Plant Piles (March-May
1987) .

o Sampling and physical testing of cover soils from the
Locust street and Plant Piles (March 1987).

o Wasta pile cover soil thickness survey (August 1987).
o Aerial survey of site (late Spring 1987) .

A description of the field activities is provided in Section 4.0.
11 The results of the RI field investigation are presented in

Section 5.0. The complete scope of the Remedial Investigation is
presented below:

o Assemble and evaluate available site information (site
^J history, past testing and sampling surveys, etc.);

1-7
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o identify contamination problems and contaminant '
migration pathways, including environmental/health
effects, to the extent possible with the available
information;

o Develop preliminary remedial action alternatives;
o identify data gaps;
o Perform Field Investigation to fill those gaps and

identify and fill new ones;
o Analyze the resultant data;
o prepare an Endangerment Assessment; and
o Identify and screen remedial action technologies and

assemble remedial action alternatives.

The following are specific RI/FS objectives designed to achieve
the overall project objectives:

o Determine the extent of the asbestos waste and process
waste containing asbestos in and 100 feet from the >f\
identified waste piles and lagoon area. ^

o Assess the condition, thickness, and long-term (30-50
years) life of the cover materials, over the two
identified asbestos waste piles.

o Obtain physical/structural and chemical composition
data to characterize the piles.

o Evaluate present and future slope stability and
potential settlement of the waste piles, as well as
other on-site physical features that would affect
contaminant migration, containment, and/or cleanup.

o Determine if asbestos is present in surface waters and
shallow underground recharge waters that, through
evaporation and discharge into Hissahickon Creek, could
result in potential public health and environmental
impacts. This includes an evaluation of the filter bed
lagoons.

o Determine if there are contaminants on the site other
than asbestos which pose a risk to human health and/or
the environment.

o Determine present and potential impacts on the adjacent O
Wissahickon creek from the site.

AR3001I5
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O o Evaluate and screen developed remedial action
alternatives for effectiveness and the ability to
protect the public health and environment.

o Outline or select the most cost-effective remedial
alternatives which adequately protect the environment
and the public health and welfare.

The Remedial Investigation/Feasibility study was conducted using
EPA guidelines set forth in the National Contingency Plan (NCP),
CERCLA and RI/FS Guidance documents.

1.2 SITE LOCATION AND DESCRIPTION

The Ambler Asbestos Piles site is located in the southwestern
portion of the Borough of Ambler, Montgomery County,
Pennsylvania (see Figures 1-1 and 1-2). The site is bordered on
the west by the Hissahickon Creek and its flood plain; on the
northwest by Butler Pike, a major transportation route; on the

"") north by Locust street; and on the southeast by Church Street. A
portion of the site extends westward from Ambler into Upper
Dublin Township, Montgomery County.

The primary component subjects of the RI/FS are two waste piles
which received wastes generated from the adjacent manufacturing
facility and a series of operating asbestos settling basins and
filter bed lagoons as shown on Figure 1-3 Site Plan. The waste
piles of concern are referred to as the Locust Street Pile and
the Plant Pile. These piles contain spent magnesium/calcium
carbonate and asbestos product and manufacturing waste. The
primary known contaminant of concern at the site,,is asbestos.
Both amosite and chrysotile asbestos fibers have previously been
identified at the site (see Section 3.0 for a summary of previous
investigations).

Within a quarter mile radius of the Locust Street Pile are
i approximately 40 residential dwellings and a public playground
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' that was closed in 1984. The center of the Borough of Ambler
lies approximately a half mile north of the Locust Street Pile
and the adjacent Plant Pile. A low density housing development
lies to the southwest of the Locust Street Pile separated by the
Wissahickon Creek and flood plain in Whitemarsh Township,
Montgomery County.

Individual discussions of the Locust street Pile, Plant Pile and
filter bed lagoons, along with the Pipe Plant Dump and Mciple
Avenue Piles are presented in the following subsections.

1.2.1 LOCUST STREET PILE

The Locust Street Pile is approximately 1200 feet long and 300
feet wide and averages 50,feet in height above grade. According
to the topographic map developed prior to the Removal Action in

•-̂  1984 (Figure 1-4), the Locust Street Pile ranges in elevation
J from approximately 240 feet above Mean Sea Level (MSL) at the top

of the southwestern portion of the pile to 170 feet above MSL at
the base on the western side of the pile adjacent to the
Wissahickon Creek. The western side of the pile is adjacent to
Wissahickon Creek.

The Locust street Pile side slopes range from 2.5:1 to 2.0:1
(horizontal:vertical) on the north, east and south, and from
1.7:1 to 1.4:1 on th« west. Slope lengths (angular) are roughly
75 to 100 feet on the west and east and 25 to 75 on the north and
south. The top of the pile is a relatively flat (0-3% slope)
area which comprises approximately 20 to 25 percent of the total
pile (crest) area.

According to a report prepared by Johnson and Shroder of the
University of Pennsylvania in 1977 for Nicolet Inc. (for further
detail see subsection 3.2.5) dumping began at the pile in the

•j
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! 1930's in the northwest portion of the existing pile. Disposal
of manufacturing waste nay have begun earlier than the 1930's in
that the manufacturing of pharmaceutical and asbestos products at
the site began in the 1890's. Reportedly a quarry-site was in
existence at the Locust Street Pile site prior to disposal of
wastes.

Products manufactured in the 1930's included asbestos cement
piping and shingles that required magnesium carbonate (magnesia)
as a raw material. The process of extracting magnesia from
dolomitic limestone produced 30 to 40 tons of carbonate waste per
day. Once the quarry was filled (with spent magnesium

, carbonate), cinders and slag from the boiler plant were used to
construct berms to contain the carbonate slurry. It was also

. reported in the Johnson and Shroder report that dumping of the
carbonate waste on the northwest portion of the pile terminated

~. in the early 1940's. Aerial photographs of the Locust Street
s Pile (presented in subsection 1.3) from 1950, 1964, and 1972

indicate continued dumping on this northwest portion (plateau
i area) of the pile until the late 1960's. The material deposited

on this area appears to be in a slurry of dark gray material but
not a calcium carbonate slurry.

Deposition of wastes in the southern portion of the Locust Street
Pile as reported by Johnson and Shroder began at the same time as
the northwestern portion but received primarily cinders and bad
production runs of piping, shingles and millboard. Dumping on
the southern portion of the Locust Street Pile was reported to
have ceased in the late 1960's. The aerial photographs of the
site from 1971-1984 (see Subsection 1.3) indicate no activity (no

I new staining patterns on exposed areas, extensive new vegetation,
and no change in pile configuration) on this portion of the pile.

' The construction history of the Locust Street Pile is presented
on Figure 1-5.

J
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' Analysis of waste samples taken from depths of 10-47 ft below the
surface as reported in the University city Science center Report
(1975) (see subsection 3.2.3 for further discussion of this
report) indicate the carbonate waste consist of 70-85 percent
calcium carbonate and 8-16 percent magnesium carbonate. Analysis
for asbestos was not performed. Surface samples taken by the
Emergency Response Team (ERT) and the Technical Assistance Team
(TAT) in 1983 prior to the Removal Action (see subsections 3.2.7-
3.2.9) from the Locust street Pile indicate the concentration of
asbestos to be the greatest on the large plateau area of the pile
(amosite 35-40% and chrysotile 0-8%). Amosite asbestos fibers
were primarily detected in samples taken from the aide slopes of
the Locust Street Pile at concentrations of 0-5 percent.
Chrysotile was also found at concentrations of 2-10% in two of
the ten samples taken of the exposed side slopes.

i ^ A discussion of the current condition of the Locust Street Pile
•' based on the RI Bite survey is presented in subsection 4.2.1.

Cross-sections of the Locust Street Pile based on available
documents (Section 3.0) and recorded field logs of the soil
borings drilled during the RI field investigation are presented
in subsection 5.2.1.

1.2.2 PLANT PILE

The Plant Pile is approximately 650 feet in length and 600 feet
in width. According to the 1984 topographic map (Figure 1-6) the
Plant Pile ranges in elevation from approximately 240 to 179 feet
above MSL. The side slopes of the Plant Pile range from 2.0:1 to
1.7:1 (horizontal:vertical) on the north, 1.7:1 to 1.4:1 on the
east, and 1.4:1 to 1.2:1 on the south and west. Slope lengths
(angular) are roughly 50 feet on the south, 100 feet on the east
and west, and 120 feet on the north. The relatively flat (0-3%
slope) area at the crest comprises approximately 40 to 45 percent

•~J of the Plant Pile area.
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I The Plant Pile is located southeast of the process plant and the
asbestos filter bed lagoons. Disposal of wastes, beginning with
calcium carbonate and magnesium hydroxide waste, was initiated on
the Plant Pile in the 1940's after the capacity of the Locust
Street Pile was nearly reached (Johnson & Shroder, 1977). The
carbonate waste was deposited as a slurry and contained by terms
constructed of cinders and pumice rock. It was further reported
that prior to 1964 a paper machine contributed some process
waste. Aerial photographs of the Plant Pile (presented in
subsection 1.3) from 1950 and 1958 indicated both a white and
light gray slurry was pumped onto the Plant Pile. The aerial
photographs of the Plant Pile from 1964, 1971 and 1978 show a
change in the material deposited on the pile. The material
deposited during this time was much darker than the material from
previous photographs but was still being deposited as a slurry.
From 1970-1975 it was reported that an asbestos cement sludge was

^ pumped onto the Plant Pile. From 1975-76 asbestos millboard and
' ' monolithic product process waste was pumped as a slurry to the

Plant Pile. Continuous dumping was reported to have ceased in
1976; however, aerial photographs from 1978 and 1981 indicate
continued activity on the Plant Pile (see subsection 1.3).

The present condition of the Plant Pile, as observed during the
RI field survey, is presented in subsection 4.2.1. Cross
sections of the Plant Pile based on. previous studies and boring
logs from the RI field investigation are presented in subsection
5.2.3.

1.2.3 ASBESTOS SETTLING BASINS/FILTER BED LAGOONS

The asbestos settling basins and filter bed lagoons are located
between the Plant Pile and the Locust Street Pile. The settling
basins and filter bed lagoons received process waste water from
the original manufacturing facility owned by Xeasbey and Mattison

O
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Company. After the plant was purchased by Nicolet Industries, »
Inc. in 1962, the basins and lagoons continued to receive waste
water from processing and cooling operations. The two primary
operations which reportedly contributed to the asbestos waste
entering the filter bed lagoons are the millboard machines and
the monolithic press. The sludge from the lagoons was apparently
dumped on the Plant Pile until 1978-79 via a pipeline. The
lagoons received process wastewater up tp and during the RI
Investigation, but sludge was hauled off-site for disposal. Both
the millboard machines and the monolithic press operations are
reportedly shut down. The only process wastewater received
during the RI Investigation was non-contact cooling water from
the sheet gasket machines so little if any sludge was produced.

The most recent operational information concerning the wastewater
management program, provided by Nicolet, is dated July 25, 1979.
Beginning in 1973, the Pennsylvania Department of Environmental -
Resources (PADER) ordered Nicolet to stop dumping on the waste
piles. This directive included the sludge from the filter bed
lagoons.

Based on information provided in the NPDES permit application
filed by Nicolet on July l, 1982, flow to the lagoons was 0.626
MGD and originated from the operations shown in the flow diagram
in Figure 1-7. The primary water contaminant reported at that
time was asbestos which originated from the millboard and
monolithic press operations. Other potential contaminants that
were identified on the application as "believed to be present"
were chlorine, color, nitrogen (total organic), and surfactants.
Hastewater from boiler blowdown and solvent recovery decant water
is currently discharged to the Ambler Haste Hater Treatment Plant
(Ambler HHTP). The decant water contains mathanol and toluene.
Diecharge of these waste streams to the Ambler HHTP began in
1980. Prior to this time, however, these process flows were also
apparently discharged into the lagoons. During a site visit in
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May 1985 by U.S. EPA Region III and the REM II team as well as ' '
throughout the RI field investigation an organic odor was
detected originating from around the process building next to the
filter bed lagoons.

1.2.4 PIPE PLANT DUMP

Adjacent to the Plant Pile, there is a previous dump site
identified as the "Pipe Plant Dump." This pile reportedly
received primarily asbestos containing solid pipe scrap from 1962
to 1974. The Pipe Plant Dump was covered and vegetated in 1974
by the owner (Certainteed Corporation). The Pipe Plant Dump is
not currently part of this RI/FS. The Pipe Plant Dump was
included with the site on the NPL and therefore requires an RI to
complete an Endangerment Assessment of this Pile. An RI/FS is
currently being conducted by Certainteed Corporation, the
Potentially Responsible Party (PRP) for the Pipe Plant Dump. An -•
addendum to this RI/FS, which will include the results of the ^
RI/FS for the Pipe Plant Dump, will be submitted at a later date.

On November 11, 1985, the Certainteed Pile Plant Dump was
inspected by U.S. EPA, PADER, the REM II team, and Certainteed
corporation. The cover on the pile was found to be in relatively
good condition and well vegetated. Little evidence of erosion
and scouring along the south side by Stuart Farm Creek was
observed. Surface water samples from Stuart Farm CreeK were
taken by the EPA FIT team on May 12, 1986 to verify that no
contaminants of concern are migrating from this source. The i
results of the FIT teas surface water sampling are presented in
subsection 3.4.12.
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1.2.5 MAPLE AVENUE PILES

Northeast of the site, on the east and west side of the reservoir
used as process water for the manufacturing facility, are two
smaller process waste piles. The pile to the east of the
reservoir (East Maple Avenue Pile) received primarily calcium/
magnesium carbonate waste and based on aerial photographs, was
constructed similar to the northwestern portion of the Locust
Street Pile. The pile located to the west of the reservoir (Hest
Maple Avenue Pile) primarily received solid wastes (non-spec
production runs of piping, shingles, millboard, etc.) based on
aerial photographs from 1950 to 1971. The Maple Avenue Piles
were covered and vegetated by PADER in the mid 1970 's and are
currently monitored by PADER. The Maple Avenue Piles are not
included in the scope of this RI/FS.

^ 1.3 SITE HISTORY

The Keasbey and Mattison Company owned the project site from the
late 1800 '• to 1933. The company initially operated as a
pharmaceutical company until 1897. The cornerstone of the
Keasbey and Mattison venture was milk of magnesia which is an
aqueous suspension of magnesium hydroxide. The primary
material used in the manufacture of milk of magnesia is magnesium
oxide. The plant was located in Ambler due to the close
proximity of large reserves of dolomite from which the magnesia
was extracted.

The scope of the business changed after an occurrence involving a
•ample of Keasbey and Mattison's milk of magnesia. Reportedly,
one evening in 1886 Dr. Royal Mattison accidentally spilled a
portion of the suspension onto a work stove. The next morning,
not having cleaned up his spill completely, Mattison noted that
the milk of magnesia had solidified and the resulting solid

J

1-23

I{ the page filmed In thl.o {tame 14 not a* teadable ,ot legible at thit-
label, At 4.4 due to ,,«u6.6tandatd colot ot condition o{ the otlglnal page.



Section: 1
Revision: 2
Date: June 24, 1988
Page: 24

coating provided insulation from the heat of the stove. Having
had experimented with asbestos as a reinforcing agent, he then
combined the magnesium carbonate with the asbestos fibers to form
a magnesium-asbestos insulation known as "85% Magnesia"
(insulation composed of 85% or more magnesium carbonate, the
balance being asbestos). The "85% Magnesia" was mixed first to
form a slurry and then pressed into the desire shape. The
product was then fired in a kiln.

Asbestos products were produced by Keasbey £ Mattison from 1897
to 1931. These included paper, millboard, electrical insulation,
brake linings, conveyor belts, high pressure packings (rubber and
asbestos composition), asbestos-cement shingles, acoustical.
products and asbestos-cement piping.

The primary wastes generated at this time were spent magnesium/
calcium carbonate (generated by the process of extracting
magnesium carbonate from dolomitic limestone) and asbestos
process waste including bad manufacturing runs and off-spec
product*. Although it was reported (Johnson and Shroder, 1977)
that disposal activities did not begin on the Locust street Pile
until the 1930's, it is suspected that Keasbey « Mattison used
the former quarry area (Locust Street Pile) and the Maple Street
Piles to dispose of their wastes.

During Horld Har II, the Keasbey-Mattison Plant became one of the
leading producers of asbestos products. The Keasbey and Mattison
Company retained ownership of the plant until 1963. During the
period of 1931 to 1962 the Locust Street and Plant Piles received
•uch of the total volume of waste materials that were deposited
on the piles. Aerial photographs of the site from 1950 (Figures
1-8 and 1-9)

1-24
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• prior to the Keasbey and Mattison Company selling the facility,
I indicate that approximately 80 percent by surface area of the

Locust Street Pile was completed. The northwestern portion of
| the Pile was still active in 1950 receiving a calcium carbonate

slurry contained by berms constructed of cinders. The southern
I portion of the pile did not appear active in 1950. Although

continued dumping of solid wastes (bad production runs, off-spec
I products and cinders) on this area on a smaller scale may have

occurred, it is not evident in the photographs.

I Based on the 1950 aerial photographs, the Plant Pile was
approximately 60-70 percent complete in 1950 and continued to

I receive primarily carbonate waste, although it was reported that
a process waste from an asbestos paper machine operation was also

I deposited on the piles in the 1950's. Some gray slurry material
appears in the 1950 photograph and may be the paper machine

"") process waste. The 1950 photographs also show that the current
• configuration of the piles was established prior to 1950. since
. 1950, wastes were deposited on the top of the piles contained by
I berms that were continuously built up to contain additional

waste. The berms around the piles are both black and white
I indicating spillage and seepage through the cinders of the

calcium/magnesium carbonate slurry. The calcium/magnesium
I carbonate could also have been mixed with the cinder to act as a

•

binder and provide additional strength.

Figure 1-8 also shows the smaller Maple Street Piles. The East
I Maple Street Pile was constructed similar to the northwestern

portion of the Locust Street Pile. The East Maple street Pile
receive primarily carbonate waste as a slurry and was contained

I by several berms. The West Maple Street Pile received solid
wastes. No berms or slurried waste is evident in the 1950 aerial

I photograph.

I The aerial photograph of the site in 1958 (Figure 1-10) indicates
continued activity on both the Locust Street and Plant Piles.
Additional material in the form of gray slurry was pumped, on, A I 3 |i
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the large plateau area of the Locust street Pile since 1950. A
large quantity of calcium/magnesium carbonate slurry was
deposited on the Plant Pile since 1950 as evident by the aerial

| photographs. The East Maple street Pile was also still active in
1958 receiving a gray slurry contained by. a series of bonus. No

• activity is evident on the Pipe Plant Dump. The aerial
photographs from the 1950's indicate the primary wastes were

• calcium/magnesium carbonate (tops of the piles are predominantly
™ white) and process waste (some dark gray staining/flow patterns
gj are evident on the top of the piles).

In 1962, Certainteed Corporation, a manufacturer of asbestos and
f cement pipes, purchased a portion of the site and plant

facilities from Keasbey and Mattison, Co., including the pipe
I manufacturing plant and the area currently containing the Pipe

Plant Dump. Nicolet Industries, Inc., a Manufacturer of building
W^ and automobile supplies, purchased the remaining plant facilities
*- along with the Locust street Pile, the Plant Pile, and the
gj asbestos filter bed lagoons.

The aerial photograph of the site taken in 1964 (Figure 1-11)
I following the purchase of the Locust street and Plant Piles by

Nicolet Inc. indicate continued activity on the plateau areas of
• both piles since 1958 (different staining/flow patterns of

slurried waste on top of the piles is evident). Hastes were
• still being deposited as a slurry but are dark gray and black in
' color compared to the white and light gray color of the waste in
I the previous aerial photographs. It is therefore evident that

the wautes deposited on on the piles following the purchase of
the site by Nicolet changed from primarily calcium/magnesium
carbonate (indicated by bright white color of wastes on top of
piles) to process waste (dark gray and black material) from the
asbestos millboard and monolithic product manufacturing. The
darker material, as reported by PADER, may also be sludge from

I
I
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the filter bed lagoons. This darker material shown on the 1964
photograph may also be the material observed currently on the
exposed plateau areas of the piles during the initial site
survey, The material was observed to be fibrous in composition,

The 1964 photograph also shows the deposition of wastes on the
Pipe Plant Dump (owned by Certainteed Corporation) which was not
observed in the'1958 photograph. The wastes deposited on the
pile are solids consisting of off-spec piping and process waste
from the asbestos-cement pipe manufacturing facility owned by
Certainteed Corporation.

The aerial photograph of the site from 1971 (Figure 1-12), nine
years after the purchase of the Locust Street and Plant Piles by
Nicolet Inc. indicate disposal on the Locust Street Pile ceased
sometime after 1964. Vegetation is evident on the two large

r-\ plateau areas of the northwestern portion of the Pile and trees
• have grown along the slopes of the southern portion of the pile

where no activity was identified since 1950. Dark flow patterns
on the Plant Pile indicate continued disposal of wastes on this
pile. The point of disposal of the slurry waste was toward the
north end of the pile where piping was observed during the
initial site survey. The dark material may be sludge from the
filter bed lagoons that is of the same color and texture as
observed during the initial site survey prior to the RI field
investigation. Trees started to grow on the Plant Pile in 1971.
Additional solid wastes have been added to the Pipe Plant Dump
since 1964. No activity is evident on the Maple Street Piles.

I
I
I
I
I
I
o

PADER and EPA first became actively involved with the waste piles
in 1971, when a complaint was lodged with EPA by the Executive
Director of the Hiasahickon Valley Hatershed Authority. This
grievance concerned the possible contamination of air and water
from operations of Nicolet and Certainteed in Ambler. From
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I November 21, 1971 to January 18, 1972, a field survey of water

and air contamination at the site was conducted by EPA Region
III. Visible emissions were noted and substantial dust

| concentrations were measured and attributed to asbestos.

• In December 1971, Nicolet Industries applied for approval to
continue to dump on the Plant Pile. While this application was

• p e n d i n g they continued to dump. The aerial photograph of the
site from 1978 (Figure 1-13) indicates continued activity on

_ the Plant Pile since 1971. Dark flow patterns on the top of the
I pile indicate the disposal of sludge from the filter bed lagoons.

In March 1972, Certainteed Corporation also applied for
• permission to continue dumping, however, Certainteed discontinued

dumping upon submittal of the application. In 1973, the
• Pennsylvania Department of Environmental Resources (PADER) .

ordered Nicolet to stop dumping and to cover and stabilize the
r'\ Plant Pile. Nicolet then applied for a solid waste management
~ permit. In February 1974, PADER issued an order to both Nicolet
• a n d Certainteed concerning the termination of disposal

operations, shortly thereafter, Certainteed Corporation
discontinued its operation at the uite, covered and vegetated the

• Pipe Plant Dump, and moved operations out of the region. The
1978 aerial photograph of the site shows the Pipe Plant Dump and

• the Maple Street Piles covered and vegetated. Certainteed still
retains ownership of the Pipe Plant Dump. However, Nicolet

• a p p e a l e d the order, In February 1975, Nicolet was ordered by
PADER to phase out its solid waste disposal, but continued

• d u m p i n g until 1980. PADER and EPA have been involved in
negotiations with NicoXet regarding the covering of the piles
since the mid 1970's.

The aerial photograph of the site from 1984 (Figure 1-14) shows a
• different flow pattern in the deposited waste on the Plant Pile

, than the 1978 photograph. This provides strong evidence that
disposal of wastes by Nicolet continued after 1978.
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i " In November 1978, amid increasing national concern about asbestos
and other industrial wastes, the EPA placed the Ambler site on a
list of National Emission standards for Hazardous Air Pollutants
(NESHAPS) regulated asbestos sites.

On June 16, 1983, Henry Van Cleave, Acting Director of the
Emergency Response Division, issued a memorandum to all
Environmental Service Divisions requesting a updated list of all
asbestos sites and inspection of these sites.

On June 2, 1983 the NUS FIT team performed a sampling program of
the Locust street Pile that included surface water, bulk waste
samples and air samples. The results of the NUS FIT team
sampling program revealed downstream concentrations (260 MFL) of
chrysotile fibers to be 10 times greater than the upstream
concentrations (18 MFL). Bulk samples from the Locust Street
Pile contained up to 30 percent chrysotile asbestos fibers and 3

•J percent amosite fibers, On September 15, 1983, U.S. EPA
Region III On-Scene coordinator (OSC) Bruoe Potoka tasked the
SPER Technical Assistance Team (TAT) to conduct an assessment at
the asbestos waste piles on the Nicolet, Inc. property located in
Ambler, Pennsylvania. During the investigation, the TAT team
observed steep, unvegetated slopes with evidence of erosion.

On September 27, 1983, the initial site assessment was conducted
by personnel from EPA Emergency Response Team (ERT), the
Pennsylvania Department of Environmental Resources (PADER), and
the TAT. Air samples, bulk surface samples, and wipe samples
from the playground equipment adjacent to the asbestos waste
piles were collected. The samples were analyzed for aebestoe and
tested positive for asbestos in the bulk surface samples and in
the wipe samples. As a result of these findings, the Center* for
Disease Control (CDC) issued a Public Health Advisory
recommending the closure of the playground. The OSC submitted a

O
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Request for Emergency Funding to initiate actions to alleviate
the health risk caused by the piles,

ii
On December 15, 1983, in accordance with CERCLA Sec. 104, EPA
determined that the site posed an imminent and substantial danger
to the public health and welfare and made the decision to proceed
with an emergency response action. EPA requested that Nicolet
cover the piles. However, Nicolet replied that it would not
comply with the specific terms outlined by EPA.

On March 26, 1984, the District court for the Eastern District of
Pennsylvania issued an order allowing EPA access to the Nicolet
site in order to perform a emergency response action pursuant to
Sec. 104 Of CERCLA.

The EPA proceeded to implement the emergency response actions at
the site, which included:

o Covering the side slopes and protions of the crest
areas of the Locust Street Pile with six to eighteen
inches of soil, including, within the limits of the
removal action, the slope along the Wissahickon Creek.

o stabilization of the covered slopes with erosion
control netting.

o Hydroseeding the Locust Street Pile to minimize
erosion.

o Installing a drainage system for the Locust Street
Pile. •

o Locust Street playground was dismantled and removed.

Covering of the side slopes Locust Street Pile was completed on
July 22, 1984. EPA completed all drainage work, erosion control,
and fencing by October 12, 1984. Upon completion of these tasks,
EPA sampled several neighborhood homes for asbestos fibers and
reported that nearby homes had not been contaminated by asbestos
fibers during activity at the site. This latter activity was
completed May 21, 1985.
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O In an independent effort, Nicolet began covering the Plant Pile
on or about April 16, 1984, and completed the effort on June l,
1984. Records of the cover material used or the covering
operations have not been made available by Nicolet. Letters to
several local municipal waste water treatment plants from Nicolet
expressing a desire to use sewage sludge as a cover material are
on record. Evidence of the use of sewage sludge was not observed
during the initial site visit prior to the RI field
investigation.

Nicolet filed for bankruptcy under Chapter 11 reorganization on
July 17, 1987. Nicolet continued to operate the manufacturing
facilities during the RI Investigation, although the staff had
been cut back and production is limited. Only sheet gaskets were
being made at the plant during the RI Investigation. Nicolet no

' longer landfills wastes on either the Locust Street or Plant
I v Pile, however the asbestos filter bed lagoons were still in
; ._,'' operation during the RI Investigation. Nicolet has agreed to

•ell portions of the site (excluding the piles and lagoons)
I subject to local zoning approval.

A site visit conducted by EPA on April 1, 1985 revealed erosion
of the cover on the Plant Pile, while the Locust street Pile was
in better condition. The Locust street Pile covering work had
involved machinery traversing the steep side slopes for
compaction purposes and the application of geosynthetic
stabilizers, whereas the Plant Pile covering construction
techniques did not apparently include such measures.

EPA, Nicolet, and the REM II team personnel conducted joint
initial site inspections on June 3 and June 11, 1985 to determine
the scope of any required "designated activities" (initial
measures) . It was recommended that the former playground area be
landscape maintained for aesthetic and vermin/insect management

O purposes. A detailed description of the current condition of
both piles is presented in subsection 4.2.1 based on the site
survey conducted during the RI field investigation.
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A chronology of key historical regulatory events associated with
disposal and waste handling activities at the Ambler Asbestos
Piles Site is presented below:

Dates Event

1897 Keasbey and Mattison Company started manufacturing
products and dumping wastes on the pile(s) near
their plant in Ambler, PA.

Early
1930's Haste disposal at the Locust street Pile

continued. The majority of the waste disposed on
the pile consisted of carbonate residues from the
processing of dolomitic limestone for the
extraction of magnesia. The waste in the form of
a slurry was added to the pile at a rate of 30 to
40 tons per day.

Early
1940's Haste disposal at the Plant Pile began. Hastes

disposed of from 1933 to 1962 included primarily a
calcium carbonate slurry and later process waste
from the asbestos paper machine operation.

1962 Nicolet Industries Inc. purchased most of the
Keasbey & Mattison facility including the Locust
Street Pile, Plant Pile and filter bed lagoons.
Certainteed Corporation purchased the pipe
manufacturing plant and the Pipe Plant Dump. Both
companies continued to dump their wastes that
consisted mostly of asbestos process waste and
off-spec asbestos products.

3/71 NESHAP listed asbestos as a hazardous air
pollutant.
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Dates Event

11/15/71 EPA Region III received a complaint from the
Executive Director of the Hissahickon Valley
Hatershed Authority about asbestos contamination
of ambient air and the Hissahickon Creek, a
waterway tributary to the Schuylkill River.

12/2/71 Nicolet applied to PADER for a permit to continue
using the piles as dumps for asbestos waste.
Nicolet was required to have a permit by the
PADER Solid Waste Management Act of 1968.

12/13/71 EPA field investigation started. Residents
reported visual evidence of asbestos dust in homes
and the playground on Locust street whenever windy
weather occurred. Also, surface water samples on
the property indicated that waste streams leaving
the Certainteed and Nicolet Piles contained
asbestos in excess of background concentration
limits specified in 1971 Hater Quality Criteria
(45 FR 79326).

1/3/72 Ambient air monitoring started by EPA Region III.
Field testing found 690 mg/m3 and 270 mg/m3 dust

, in ambient air at sites near the two plant
~" locations, a great portion of which was attributed

to asbestos presence,

3/2/72 Certainteed applied to PADER for a permit to
continue using the piles as dumps for asbestos
waste.

4/6/73 National Emissions Standards for Hazardous Air
Pollutants (NESHAPS) for asbestos were promulgated
by EPA with amendments proposed on 10/25/74
clarifying operation of waste disposal sites for
asbestos. "No visible emissions" standard enacted
for Billing and manufacturing of asbestos
products.

9/10/73 EPA Region III visited the asbestos piles at
Nicolet and Certainteed. Arrangements were made
to sample ambient air over and around the piles.

10/22,23,
t 24/73 Ambient asbestos air monitoring was conducted.

The following asbestos concentrations were
recorded:

, o Certainteed pile (114.5 ng/m3)

1-40
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Dates Event

o Nicolet Pile (41-114 ng/m3)
o Nicolet settling lagoons (1,563 ng/m3)
o Locust street playground (10 ng/m3)

2/19/74 PADER issued an administrative order to Nicolet
Industries and Certainteed Corp. in Ambler, PA to
cease dumping asbestos waste onto the piles. Pile
access was limited and covering was ordered to be
with material suitable for planting and growing
vegetation. The piles were to be stabilized and
water percolation and surface water management
planned.

3/3/74 Certainteed signed a consent order with PADER and
agreed to follow PADER legal order of 2/19/74.

4/17/74 PADER was told by Nicolet that they could not
comply with PADER order of 2/19/74.

6/25/74 EPA proposed clarifying amendments to NESHAPS that
regulate active and inactive sites for land X
disposal of asbestos wastes. 'x_;

10/14/75 EPA promulgated clarifying amendments to NESHAPS
that regulated active and inactive asbestos waste
sites. Section 61.22 and 61.25 of 40 FR 48292
regulate the operation of waste asbestos dump
sites. Haste collection and disposal included
under "no visible emissions standard."

2/5/76 EPA Region III notified Certainteed and Nicolet of
the newly promulgated regulations and requested
information on the status of the piles.

11/78 EPA placed the Ambler site on a list of NESHAPS
asbestos sites among growing concern over the
effects of asbestos.

3/79 EPA initiated a technical assistance program to '
help schools identify and control friable
asbestos-containing materials.

6/83 NUS FIT sampling and testing performed on-site
(air, waste, and water).

9/83 OSC, ERT and TAT sampling and testing performed !
on-site (air, wast«, and wipe samples). : i
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Dates Event

12/83 The Centers for Disease Control issued a Public
Health Advisory recommending the closure of the
playground located on the toe of the east side of
the Locust Street Pile.

i . 12/15/83 CERCLA fund authorization was obtained for an
! emergency response action at the site.

3/26/84 An emergency response action was undertaken which
involved establishing a vegetated soil cover,
placement of erosion control netting, and surface
drainage system for the Locust Street Pile and
playground site area. The playground was closed,
dismantled and removed.

4/84 ERT sampling and testing performed (air).
9/84 ERT residential sampling performed (air and

waste),

i 10/84 Site proposed for inclusion on NPL.
5/85 REM II and EPA began RI/FS (Work Plan Phase) under

j CERCLA (Superfund).
6/85 REM II, EPA, and Nicolet conducted Initial RI/FS

site inspection.
10,'85 Landscape maintenance of former playground area

\ along Chestnut Street performed by a subcontractor
to REM II.

11/85 Certainteed Pipe Plant Dump (an other site areas)
inspected by U.S. EPA, PADER, and the REM II team.
Nicolet agreed to a partial records search by EPA
and REM II, which was performed.

6/6/86 Site ranked 523 of 703 on the NPL.
9/3/86 Public meeting held at Ambler Borough Hall to

present the RI/FS Hork Plan.
9/30 -
10/2/86 A site inspection along with ambient air sampling,

as part of the Designated Activities, was
conducted by the REM II team.

J
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n
12/29/86-
8/21/87 RI field investigation conducted by the REM II

team. Haste, cover soil, surface water, sediment,
and ambient air samples collected and sent for
analysis through EPA's Contract Laboratory Program
(CLP).

1.4 NATURE OP THE PROBLEM

The Emergency Response Team (ERT) and Technical Assistance Team
(TAT) sampling and testing on and near the Ambler Asbestos Piles
site demonstrated that asbestos fibers had migrated off the
manufacturing site into adjacent public areas which included a
neighborhood playground (air, waste, and wipe sampling/analysis
was performed). The Centers for Disease Control (CDC) issued a
public health advisory closing the playground based on the
evidence of air transport of asbestos fibers from the piles to
areas where human contact could result from inhalation or /~}
ingestion, and an Immediate Removal Action was implemented in
1984.

The side slopes and some of the flat areas of the Locust street
and Plant Piles, are now covered as the result of the Removal
Action by the EPA and an independent effort by Nicolet respec-
tively. The large plateau areas of both piles remain uncovered.
Portions of the slopes of the Locust Street Pile where large
trees have grown are also exposed. Evidence of erosion and
sloughing of the cover were evident during the RI. The currently
exposed areas and/or future source areas exposed due to cover or
slope failure create the potential for release of asbestos fiber
to the ambient air that can be inhaled by local residents, and/or
continued contamination ot the adjacent surface water. These
concerns are addressed later in this RI Report.
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'.._.) other potential contaminants which were identified and specifi-
cally evaluated as part of the RI include organics (solvents),
inorganics, and specific components of bottom ash/cinders such as
arsenic, sulfates, selenium, chloride and magnesium.

The RI data, analysis and contamination assessment together with
the endangerment assessment, are present throughout the following
sections of the document.

0
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2.0 SITE FEATURES INVESTIGATION

2.1 PHYSIOGRAPHY

The Ambler Asbestos Piles site lies within the Delaware River
drainage basin. The area is characterized by relatively flat
topography with occasional rolling hills with the greatest change
in relief occurring along the flood plains of the many creeks and
tributaries that flow through this area. Elevations within a
mile of the site range from 160 to 300 feet above Mean sea Level
(MSL).

The site is located adjacent to the 100 year flood plain of
Hissahickon Creek (see Figure 2-1). Hissahickon Creek flows
along the western side of the Locust street Pile. The 100 year
flood plain along this side of the Pile reaches an elevation of
176 feet (MSL) or approximately 8 feet above 'the toe of the pile
at creeks edge.

The Locust Street and Plant Piles rise above the natural grade 65
feet and 70 feet respectively, and therefore are a predominant
feature in Ambler. The map view areas of the Locust Street and
Plant Piles are approximately 422,000 square feet (9.7 acres) and
412,000 feet (9.5 acres), respectively (EPIC, June 1987). The
estimated volume of these piles is approximately 464,000 cubic
yards for the Locust Street Pile and 571,000 cubic yards for the
Plant Pile (EPIC, June 1987).

2.2 LAND USE
1

Land uses around the site include industrial, residential,
commercial and transportation. Figure 2-1 presents a land use
map of the site and the area within 0.5 miles of the site based
on zoning maps from Ambler Borough, Upper Dublin Township and

2-1
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O Hhitemarsh Township. Figure 2-2 depicts various land uses within
an approximate 1.2 mile radius of the site based on land use
identification using remote sensing data (EPIC, June 1987).

The Ambler Asbestos Pile site occupies approximately 22.6 acres
of an industrial zoned area along the southwest border of the
Ambler Borough line. Residential housing is located immediately
northwest of the Locust Street Pile and approximately 500 feet
east and west of the Plant Pile. Numerous educational and
recreational facilities are located within 1.2 miles of the site.
Agricultural land is located approximately 2,000 feet to the west
(EPIC, June 1987).

2.2.1 BUILDINGS AND STRUCTURES

There are a number of significant structures in the vicinity of
~ the waste piles, on the Nicolet plant site are four major
-J buildings housing various offices and production processes, as

well as related structures for waste treatment, storage, and
shipping. South of Hissahickon Avenue between Chestnut and
Locust Streets are a number of row houses and single family
homes. North of Hissahickon Avenue are a number of commercial
and light-industrial establishments. The playground adjacent to
the Locust Street Pile has been closed and all equipment removed.

SEPTA railroad tracks run parallel to Maple Street east of the
Plant Pile and the Nicolet plant site.

2.2.2 POTENTIAL RECEPTORS

There are a number of potential receptors within the vicinity of
the waste piles. The nearest residence is within 200 feet
northeast of the Locust street Pile, and an estimated 6,000
persons live within 1/2 mile of the site.
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O1 -•-' The Nicolet plant site is adjacent to the Plant Pile, Locust
street Pile and lagoons. In addition, there are a number of
commercial and light-industrial establishments just north of
Hissahickon Avenue within a few hundred yards of the site.

The Central Business District of Ambler is located approximately
one-half mile northeast of the waste piles and lagoons.

2.3 CLIMATOLOGY

2.3.1 HIND SPEED AND DIRECTION

A wind rose for the site is shown in Figure 2-3. The wind rose
was developed from data obtained at the Willow Grove Naval Base
from 1970 through 1980. In general, winds are from the northwest
and west. A more detailed discussion of climatology and the

•~\ effects on potential releases of airborne asbestos is presented
in subsection 5.1.3.

2.4 ENVIRONMENTAL SETTING

The following section presents the environmental setting of the
Ambler Asbestos Pile site. Included in the discussions are air
quality, biological resources, geologic, hydrologic and
topographic aspects.

2.4.1 AIR QUALITY

The Ambler Asbestos Piles Site is located in the Metropolitan
Philadelphia Interstate Air Quality Control Region (U.S. EPA,
July 1985). This region is classified as an attainment area for
all criteria pollutants except photochemical oxidants (precursors
to ozone). The air quality within the air basin containing the

•i Ambler Asbestos, site meets or exceeds the national standards for

2"5 AR300I57

I {the page filmed In thl4 {tame it. not at ntadabl.t.J>i .legible, at tUi
label, At 4.4 due to,4ub*tandatd colot ot condition o{ the otlglnal page.



7.00

5,91

6.24
6.20

,,00 tl,\t ̂,I»

WILLOW OROVE NflS
1970 THRU 1980is-4x cflLMI

SCflLEl MPH)

FIGURE 2-3 WIND ROSE

fiRSOOISS
.e'filmed I n tkit {tame i t n o t a . a , 4

label, At||A4 due to.4ub4tandatd colot on condition o{ the otlglnal page. -I



i section: 2
Revision: 2
Date: August 1988
Page: 7

:'L sulfur dioxide (S02) and total suspended particulates (TSP). It
cannot be classified as exceeding the national standards for both
carbon monoxide (CO) and nitrogen dioxide (NOj). The entire
State of Pennsylvania does not meet the standard for ozone (03).

Locally, air quality is potentially impacted by industrial and
private sources. A sewage disposal plant is located south of the
manufacturing site within a quarter mile.

2.4.2 BIOLOGICAL RESOURCES

2.4.2.1 Terrestrial Resources

The Ambler Asbestos Piles site does support a significant
terrestrial habitat on the covered waste piles. Crown vetch has
flourished to provide the majority of the present vegetative

s-^ cover on the waste piles. A variety of grasses and shrubs as
^ well as young to mature trees are also supported in areas of the

piles; The developed cover provides cover and habitat for
species present in the surrounding area.

A variety of birds (hawk, pheasant, Canada geese, mallard duck,
songbirds and crows) utilize the area for foraging and nesting
purposes. Deer have been sighted on the Locust Street Pile.
Other wildlife that have been sighted include racoons, ground
hogs, Buskrat, skunks, and squirrels.

Burrows have been observed on several slopes of the Locust Street
and Plant Piles. The burrows extend into the cover and into the
waste materials. Burrowing animals have caused the reexposure of
waste materials at several locations on the piles.
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2.4.2.2 Aquatic Resources

Hissahickon Creek runs along the south and west sides of the
Locust street Pile. The creek contributes to the Schuylkill
River from which public water supply is uptaken 12 miles
downstream of the site. Fauna supported in the Hissahickon in
the vicinity of the site include sunfish, minnows, and eels.
Hissahickon Creek is stocked annually with trout downstream of
the site at Fort Washington State Park. The stream is fished
from spring to summer. Most of the trout do not survive the
summer due to high temperatures and low dissolved oxygen in the
stream.

2.4.3 GEOLOGY

The site study area is underlain by bedrock of the Stockton
Formation of Triassic age. The Stockton Formation is described O)
by Barksdale (1958) as consisting of light-colored,
coarse-grained, arkosic sandstone and conglomerate; red to brown
fine-grained siliceous sandstone; and red shale. The reddish
arkosic units are the most characteristic of the Formation,
especially the lower members of the Stockton Formation that
underlie the site individual layers within the Stockton Formation
commonly pinch out or grade into beds of different texture or
mineralogy, and rarely can be traced for any significant
distance. Sequences of beds, however, may persist for several |
miles. A geologic map of the Ambler USGS quadrangle is presented
in Figure 2-4. .

i
The Stockton Formation crops out in an east-northeast trending
band approximately five miles wide in the Ambler area. Bedding |
strikes northeast and dips to the northwest at 10 to 20 degrees.
Bedding plans commonly show ripple marks, mud cracks, raindrop
impressions, cross bedding, and pinch and swell structures. The /• ,
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thickness of the unit ranges from 1,000 to 5,000 feet and O
probably averages about 3,000 feet near the site. The Formation
is extensively faulted and is cut by at least two sets of
vertical joints, one parallel to strike and one at about a 50
degree angle to strike.

Heathering of the Stockton Formation generally results in
variable thickness deposits of sandy clay loams that form an
undulating topography of moderately low relief. Valleys are
typically eroded into the softer sandstone beds while uplands are
more comnonly underlain by the arkosic beds. The depth of
bedrock in the study area has been estimated to be less than 10
feet (NUS, 1983). However, it has been reported that quarry
activities may have occurred under the Locust Street Pile
(Johnson and Shrader, 1977).

2.4.4 HYDROLOGY ^
<J

2.4.4.1 Ground Hater Hydrology

Ground water flows in the Stockton Formation through both primary
intergranular openings as well as secondary joints and faults.
Flow direction is locally quite variable and hydrologic
boundaries are frequent. In general, regional ground water flow
is either along the strike of the formation or down dip. To a
great extent, the occurrence and movement of ground water in the
Stockton Formation is controlled by the configuration of the base
of the weathered zone and by vertical changes in the permeability
of the deposits (Barksdale et al., 1958). In the vicinity of the
waste piles, ground water flow is expected to be toward
Hissahickon Creek. Shallow flow is likely to be unconfined while
deeper ground water is under artesian or semi-artisian
conditions. The depth to ground water has been reported to be
less than 5 feet in this site area (NUS, 1983) . u
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' Aquifer tests in the Stockton Formation (semi-artisian deeper
ground water) indicate that the unit is one of the best sources
of ground water in southeastern Pennsylvania. Transmissibility
ranges from l,ooo to 35,000 gallons per day per foot (gpd/ft)
with typical values between 5,000 and 9,000 gpd/ft. The storage
coefficient ranqes from 0.0001 to 0.000001 indicating a range of
conditions from .semi-artisian to true artesian. Hell yields
range from 1 to 900 gallons per minute (gpm) with typical values
from 50 to 100 gpm. Specific capacity varies from 0.35 to 44
gpm/ft with a median value of about 6 gpm/ft (Barksdale et al.,
1958; R.E. Hright Associates, Inc., 1982).

Hater quality in the Stockton Formation is generally good but is
highly variable depending on local hydrogeologic and land use
conditions: Typical values of water quality parameters are:
iron, 0.10 mg/1; manganese, 0.04 mg/1; bicarbonate, 84 mg/1;

•--•s nitrate, 10 mg/1; sulfate, 25 mg/1; total dissolved solids,
150 mg/1; hardness, 100 mg/1; specific conductance, 250
micro-ohms/cm; and pH, 7.2 (R.E. Hright Associates, Inc., 1982).
Hater from the Stockton Formation is a primary source of drinking
water for a number of private and public users including the
Borough of Ambler.

Hater supply for the site area is provided by the Ambler Borough
Hater Department through a series of nine supply wells. During
the period from July through December 1983, individual supply
wells pumped between 60 and 730 gallons per minute for a weekly
total of between 1,500 and 2,400 gallons per minute. The
municipal well nearest to the waste piles is approximately 0.4
miles east of the Pipe Plant Dump. This well is 500 ft,deep, and
pumps roughly 100 gpm (NUS, 1983). The nearest known private
(residential drinking water) well is the Burke well discussed
later in detail in Section 2.6 of this Report.

O
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2.4.4.2 Surface Water Hydrology

The major surface water body in the area is Wissahickon Creek,
which flows southeast at a gradient of roughly 22 feet per mile.
The creek and its flood plain form the southern and western
borders of the site. Prophecy Creek and several unnamed easterly
flowing tributaries empty into Hissahickon creek west
(upgradient) of the site.

Surface drainage from the waste piles and the plant areas flow to
Hissahickon Creek via storm sewers and small surface channels.
Two borough storm sewers run underneath the Locust street Pile.
One of these pipes discharges into a drainage ditch west of
Nicolet 's filter beds and subsequently into the drainageway from
the lagoons that flow into the Hissahickon creek. The other
large outlet (5' x 5' box culvert) is located just below the
filter bed lagoons and discharges directly into the drainageway
at the same point as the filter bed lagoons. No seeps were
observed on the slopes of the Locust Street Pile and Plant Piles.
White milky seeps were observed at the toe of the western side of
the Locust street Pile that runs along the Hissahickon Creek.
Bedrock outcrops at this toe. The seeps were observed coming
from the interface of the bedrock and overburden. See Figure 2-5
for graphic representation of these site features.

The flood plain of Wissahickon creek is a ground water discharge
zone and several permanent and seasonal springs have been
reported in the area. No specific data exists on the water
quality or the rates of discharge of the springs.

O
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lP) 2.5 SOCIpECONOHICS

2.5.1 POPULATION

The current population of Ambler Borough is 6,600, The
population has been at this level since i960. Nearly all of the
land in Ambler Borough has been developed so little further
growth is expected in the near future. However, the surrounding
lesser developed townships of Upper Dublin and Hhitemarsh, being
part of suburban Philadelphia, are expected to grow
substantially.

2.5.2 HOUSING

Most of the housing in Ambler and the surrounding communities is
single family residential. There is housing within a hundred
yards of the piles on Locust street and within about 200 yards of

[j the piles on Morris Road on the other side of Hissahickon Creek.

2.5.3 EMPLOYMENT

Ambler is primarily a residential and commercial community. Most
people who live in Ambler Borough either work elsewhere or work
in local commercial, administrative or service positions. The
former dependence on manufacturing, and the Keasbey and Mattison
factories in particular, changed several decades ago. Therefore,
the unemployment rate is about the same as the Greater
Philadelphia area and is currently about St.

2.5.4 TRANSPORTATION

The Ambler area, being part of suburban Philadelphia, has a high
traffic density. Two major roadways, Butler Pike and Bethlehem
Pike, are within a half mile of the piles. A commuter train line

O ' • ' .
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O from Philadelphia passes within a hundred yards of the Plant
Pile. Locust Street and Morris Road, which carry local
automotive traffic, are within one to two hundred yards of the
piles.

2.6 PUBLIC WATER SUPPLY

Hater supply for the site area is provided by the Ambler Borough
Hater Department through a series of nine supply wells. The
municipal well nearest to the waste pile, Hell No. 9 on Figure
2-6, is approximately 0.4 miles east of the Pipe Plant Pile.
This well is 500 ft deep, and pumps roughly 100 gpm (NUS, 1983).
Other municipal wells in the area are Hell No. 4, which is 305
ft. deep and pumps at an average rate of 75 gpm, and Hell No. 11,
which is 500 feet deep and pumps at a rate of 100 gpm. All well
water is pumped into common storage tanks. The only reported

~. treatment to the water is the addition of chlorine. The water is
..) tested periodically for total solids, color, odor, turbidity,

sediment, pH, minerals, fecal coliform, chlorination byproducts
and volatile organics. The water is not tested for asbestos.

The nearest known private (residential drinking water) well is
the Burke well located on Morris Road. It is located
approximately 0.1 mile west of the Locust Street Pile.

The nearest public water intake from surface waters is located
approximately 12 miles downstream of the site on the Schuylkill
River about one half mile downstream of the confluence of
Hissahickon Creek and the Schuylkill River. Figure 2-7 is a flow
diagram indicating how this water is treated based on
conversations with the operators in December 1987. Both the
flocculation and the rapid sand filtration treatment units should
remove most asbestos, if any is present in the water. Because of
the treatment the water receives and the dilution that occurs
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whan Hissahickon Creek flows into the Schuylkill River, asbestos
would not appear to be a problem in the water from this intake.
However, there is no testing for asbestos in the water either
before or after treatment. A study of asbestos concentrations in
Hissahickon Creek and Schuylkill River was conducted by EPA in
1976. The Philadelphia Hater Department collected the samples
and McCrane and Associates performed the analysis. The effect of
Hissahickon creek on the Schuylkill River water quality at the
intake was not made clear from this study. Asbestos levels from
the intake were below detection levels of 0.34 million fibers per
liter.

Ground water is not expected to be a significant migration
pathway for asbestos at this site. This is due to two factors:
1) the site's location in a hydrologic discharge zone where
generally baseflow is slightly upward and toward the stream; and
2) the relative insignificant subsurface downward or lateral
migration of asbestos fibers in soils. To date, there is no
documentation of ground water transport of asbestos particles
(Dalton, U.S. EPA, 1985).

2-18
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O 3-° RESULTS FROM PREVIOUS STUDIES
AND SAMPLING/ANALYSIS PROGRAMS

3.1 OVERVIEW

Numerous studies and sampling/analysis programs have been
performed and documented relative to the Ambler Asbestos Piles
Site since the early 1970's. These studies and programs have
been sponsored and performed by both governmental agencies and
private concerns over a fifteen year period from early 1971 to
the inception of the RI field investigation in 1986. This
section provides a brief summary and discussion of these studies.

These studies provide important historical information on the
piles and analytical data on the pile material, site surface

I _. water, and ambient air. Most of the analytical data were
— ' obtained prior to the Removal Action in 1984 . These data for the

uncovered piles are important for the assessment of the long term
environmental and public health concerns discussed in Section 6.0
(Endangerment Assessment) .

A brief chronology of the studies which are relevant to this RI
along with key historical site events is provided below:

e 1962 Nicolet and Certainteed purchased their respective
portions of the previous Keasbey and Mattison Co.
manufacturing and disposal sites. Both companies
continued to dispose of asbestos related wastes on
their sites.

e 1970 - Complaints from the public and specifically the
Hissahickon Watershed Association began.

e 1971-72 - EPA Field Study

J
i ;
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o 1973 - EPA Air Sampling/Analysis Program

o 1975 - Montgomery County Redevelopment
Authority-Hastepiles Reuse Study (performed by
University City Science Center)

o 1975 - PA Department of Health - Hastepiles Health
Hazard Study

o 1977 - PA Department of Environmental Resources Air
Sampling/Analysis Program (performed by Equitable
Environmental Health, Inc.)

o 1977 - Nicolet Hastepiles Cover/Vegetation Study
(performed by Johnson t Shrader, Univ. of PA)

o June, 1983 - NUS FIT III Air, Hater and Soil Sampling Q
and Analysis Program

o September, 1983 - EPA, ERT, TAT Air and Soil Sampling
and Analysis Program

o December, 1983 - Center for Disease Control (CDC)
issues Public Health Advisory for Hastepiles and |
recommends closure of playground. CERCLA funding
requested by EPA Region III.

o March, 1984 - Removal Action by EPA begins

o April, 1984 - ERT Air Sampling and Analysis Program
(during Removal Action)

o June, 1984 - EPA/ERT Erosion and Sedimentation Control
Plan for the Locust Street Pile

AR300I73
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'' ^' o September, 1984 - ERT Air Sampling and Analysis Program
(after removal action)

o May, 19B5 - REM II RI/FS begins (Work Plan Phase)

o May, 1986 - NUS FIT III Hater Sampling and Analysis
Program (Certainteed - Pipe Plant Dump Site)

o September, 1986 - EPA Public Meeting, Ambler Borough

o October, 1986 - REM II Designated Activities Air and
Hater Limited Sampling and Analysis Program

o December, 1986 - August, 1987 - REM II RI/FS Field Hork
conducted.

"> Each of these previous studies is discussed individually in the
forthcoming subsections of this report. This is preceded by a
discussion of the various methods of asbestos measurement and the
units used to report asbestos data.

3.2 SUMMARY OF ASBESTOS ANALYSIS METHODOLOGIES

Several analytical methodologies have been developed to analyze
for asbestos. The previous studies summarized in this subsection
include asbestos analytical results based on these various
analytical techniques. In order to compare these results, an
understanding of the analytical methodologies and the units used
for each technique is needed. The following subsections provide
a description of the methodologies and a comparison of units. A
drier discussion of ambient air concentrations of asbestos in
several U.S. cities is also provided for comparison with previous
study results for the Ambler site.

AR30017I}
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Briefly summarized below are the available analytical
methodologies for determining asbestos concentrations in ambient
air, water and solid samples.

Asbestos Ambient Air Samole Analysis Methodoloaies

There are three methods available for analyzing ambient air
samples for asbestos:

o Phase Contrast Microscopy (PCM) - Standard OSHA
Protocol PSCAM239 (Revised by NIOSH - NIOSH 7400)

o Transmission Electron Microscopy (TEM) - Standard
methods include NIOSH Method 7402 and "Methodology for
the Measurement of Airborne Asbestos by Electron
Microscopy" by G. Yamate.

o Scanning Electron Microscopy (SEM) - No standard
method.

JIR300I75
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I ' Standard methods have been developed for PCM and TEM but not for
SEN. Phase Contrast Microscopy is often used to determine
occupational exposure levels in the work place. The OSHA
standard for asbestos (0.2 fiber per cubic centimeter time
weighted average) is based on PCM analysis. PCM is sometimes
used to measure ambient air asbestos levels because of its low
cost and short analysis time, however, TEM is more preferred.
TEM is recommended over PCM for ambient air analysis because of
its greater sensitivity. PCM can measure only those fibers
greater than 5 micrometers (urn) in length and can not distinguish
between asbestos and non-asbestos fibers. TEM analysis on the
other hand can measure fibers as thin as 0.002S urn in diameter,
and with confirmation by Energy Dispersive X-ray spectrometry
(EDXA or EDS) and Selective Area Electron Diffraction (SAED) can
identify the various types of asbestos fibers. The detection
level for TEM is an order of magnitude more sensitive than for

~. PCM. This increased sensitivity is important in ambient
J conditions because the fibers normally found in ambient air are

less than 5 urn in length. Distinguishing between asbestos types
is important particularly at the Ambler site where source
identification is the objective (e.g., the presence of higher
concentrations of chrysotile fibers and fiber bundles above
average background levels suggests a potential source other than
"background sources" such as brake linings, etc.). SEN is
sometimes used to measure ambient air concentration, but a
standard method has not been developed making it difficult to
provide adequate quality assurance of analytical results.

Units for both PCM and TEM analyses for ambient air are measured
in fibers per cubic centimeter. However, because of the greater
sensitivity of the TEM analysis the fiber count for the TEM
analysis is much greater than that for the PCM analysis making a
comparison between the two methodologies difficult. A discussion
of conversion factors between TEM units and PCM units is provided

•J
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in subsection 3.3.1, A conversion is necessary when comparing ' '
ambient air concentrations measured by TEM with the occupational
exposure limits that are based on PCM analysis. Ambient air
concentrations are also sometimes provided in mass per volume
units. These units are derived from taking the fiber count and
converting these units to a mass unit based on an assumed
molecular weight of the asbestos structures. This conversion
introduces some error due to impurities in the asbestos fibers,
i.e., not all fibers will be pure chrysotile, amosite, etc.

Asbestos Water Analysis

A standard method for analyzing asbestos in water has been
developed (EPA Interim Method for Determining Asbestos in Hater,
December 1978) using TEM with EDXS and SAED confirmation. This
method has been commonly used and was used for all the asbestos
water analysis in the previous studies and for this RI; Asbestos ,->,
concentrations in water are reported in million fibers per liter """
(MFL).

Asbestos Haste. Soil. Sediment Analysis

Haste, soil, sediment, and wipe samples are analyzed using
Polarized Light Microscopy (PLM) with confirmation by X-ray
Diffraction (XRD) techniques. The standard method used is the
EPA Interim Method for Determination of Asbestos in Bulk
Insulation samples by PLM (40 CFR, Ch. 1, Subpart F, App. A.,
p. 219-224). Analytical results are provided in percent
(nondimensional) asbestos and are accurate to <l% asbestos. Type }
of asbestos (chrysotile, amosite, etc.) are also identified with
results given in percent chrysotile, percent amosite, etc. j

Further discussion of the three methods used for analyzing
ambient air samples is presented in the following subsection.

3-6
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O Further description of these methods is provided in order that a
comparison of the previous studies results can be made, A
discussion of conversion units and ambient air asbestos
concentrations in urban areas is also provided in the following
subsections to provide additional information for comparison with
previous study results.

3.2.1 ASBESTOS AIR SAMPLE ANALYSIS METHODOLOGIES

The following discussion on the available methods for analyzing
asbestos in ambient air is quoted from the EPA document entitled,
"Measuring Airborne Asbestos Following an Abatement Action" - EPA
document 600/4-85-049.

3.2.1.1 Analysis bv Phase Contrast Microscopy (PCM)

"The Occupational Safety and Health Administration (OSHA) has
-> adopted a standard protocol for measuring exposure to airborne

asbestos in the industrial workplace. This protocol, P&CAM 239,
(Leidel et al., 1979) was developed by the National Institute of
Occupational Safety and Health (NIOSH) and specifies PCM as the
measurement method (NIOSH has published a revised protocol—
NIOSH 7400 (NIOSH, 1984)). The NIOSH protocol further specified
that only fibers with a 3:1 aspect ratio and longer than 5
micrometers (urn) in length should be counted."

"The NIOSH protocol involves collecting airborne fibers on a
standard 37-millimeter (mm), 0.8-um pore size cellulose ester
filter. A pie shaped section of filter is then analyzed by
dissolving the filter and counting the fibers with PCM at 400X
magnification. Phase contrast increases the light contrast
between the object and the background, thus enhancing the
microscopist's ability to see fibers. Normally, 100 microscopic
fields or 100 fibers are counted, whichever occurs first."

J -
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"PCM as employed in the NIOSH protocols has two serious ' '
limitations for measuring airborne asbestos. First, PCM can not
distinguish asbestos from nonasbestos fibers; all elongated
particles with the required length and aspect ratio are counted.
PCM-measured fibers thus can only serve as an index of asbestos
fibers. Second, only particles larger than about 0.25 urn in
diameter can be detected owing to inherent limits of resolution
of PCM, and only particles longer than 5 urn are counted due to
the counting protocol."

3.2.1.2 Analysis by Transmission Electron Microscopy fTEHl

"The limit of a microscope's ability to detect objects is related
to the wavelength of the source of "illumination." Since
electrons have a much shorter wavelength than does light, the
electron microscope is inherently superior to the optical
microscope (used for PCM analysis) for detecting small fibers -x
typical of asbestos fiber populations found in buildings. ^

"Of the two types of electron microscopy used for measuring
airborne asbestos, TEM is considered the method of choice
(Chatfield, 1983; steel and Small, 1985). Following the EPA
provisional methodology for TEM analysis (Samudra et al., 1978),
fibers are collected on a 0.4 urn pore size polycarbonate filter
(or on a 0.45 urn pore size cellulose ester filter if significant

•'•• levels of contaminating organic materials are present in the
air). sample preparation involves either (1) direct transfer of
collected fibers from the polycarbonate filter to an electron
microscope (EM) grid after the filter is first carbon-coated, or
(2) an indirect transfer whereby a section of the cellulose ester
filter is ashed, the asbestos fibers are sonicated (vibrating
water bath) in water and refiltered on a polycarbonate filter,
and then carbon-coated and transferred to the EM grid. Direct

3-8

I{_ the page 'filmed in thi* {tame 1.4 not a* teadable ot legible a4 tkif
label, At A4 due to aub^tandatd colot ot condition o{ the otlglnal page.



Section: 3
Revision: 2
Date: August, 1988
Page: 9

O transfer is preferred since it does not cause fiber breakage.
The mounted fibers are then examined at 20,OOOX magnification,
identified as asbestos, measured, and counted. The mass of each
fiber may also be estimated if estimates of mass concentrations
are desired. No more than 100 fibers or 10 grid openings need to
be observed."

"TEM is the method of choice for analyzing asbestos based on its
sensitivity to the smallest fibers and on its specificity for
asbestos. Since the sample oS fibers is mounted on an extremely
thin substrate on the EM grid, electrons can pass through the
substrate, be diffracted by fibers and other materials, and be
refocused into an image on a fluorescent screen, all without
substantial back-scatter of electrons. This allows high electron
beam voltage (approximately 100 kilovolts) and high magnification
of the specimen (up to 100,OOOX). Extremely thin asbestos fibers

_ (typically 0.0025 urn in diameter can be detected."

"TEM can be used to indicate the likely presence of asbestos in a
population of fibers based on fiber shape and configuration
alone. However, in order to confirm the identity of the fibers,
chemical and crystal analysis of individual fibers is needed.
The relevant analytical techniques are known as energy dispersive
X-ray spectrometry (EDXA or EDS) and Selective Area Electron
Diffraction (SAED). In EDXA, X-rays emitted from interactions
between the electron diffraction patterns created by the same
interactions are analyzed."

3.2.1.3 Analysis of Scanning Electron Microscopy (SEMI

"As an electron microscopic method, SEM holds promise for greater
sensitivity to thin fibers and better specificity for asbestos as
compared with light microscopy. Technically, however, it
currently falls short of TEM capabilities. SEM differs from TEM

,.,, ,r.flr...̂  ,.,., . . . ' ' , . " "
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in that the result, electrons bombarding the specimen are O
scattered and reflected rather than being transmitted. The
thick substrate also reflects and scatters electrons which are
detected as "noise" by the microscope. As a result, the object
being viewed must be larger than a TEM-observed object in order
to be seen. In terms of fiber dimensions, the limit of
resolution obtained under typical conditions is a fiber diameter
of 0.20 urn."

"SEM is also less powerful than TEM in its ability to distinguish
asbestos from other types of fibers. SAED is not feasible with
SEM due to the thick substrate and the signal noise problem noted
above. Chemical analysis with EDXA is possible (for fibers with
a diameter of at least 0.20 urn), but EDXA alone does not provide
definitive evidence for asbestos. (Some nonasbestos fibrous
materials have similar chemical compositions.) However, in a
setting such as an asbestos abatement work site where airborne ._.
asbestos is likely to be present, morphological identification of ^
asbestos-like fibers by SEM combined with detection of
asbestos-like chemical compositions for a few of these fibers
would be strong support for the presence of asbestos."

"Hithout doubt, SEM can be superior to PCM for indicating the
presence of airborne asbestos. In addition, the scanning feature
of SEM used at a magnification of 1,000-2,OOOX provides a useful
means of rapidly observing fields of view and locating large
fibers, clusters and bunches."

"Unlike PCM and TEM, no standardized protocol for sample
preparation and analysis using SEM is currently available.
Although samples are usually collected on 0.4-0.8 urn pore size j
polycarbonate filters, cellulose ester filters have also been
employed. Likewise, most laboratories use a relatively simple j
protocol for sample preparation (generally, direct carbon coating
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O °f the filter), but the specific features of the protocol differ
significantly among laboratories. The same is true for
instrument specifications (e.g., faster scan rate, magnification,
electron beam strength) and fiber identification and counting
procedures. Hithout standardized protocols, it is not possible
to characterize analytical accuracy and reliability of SEM
results. It is difficult to know how much confidence can be
placed in the results of an SEM analysis until (l) a standardized
protocol is developed, evaluated, and adopted, (2) NBS reference
materials are made available for calibrating instruments and
procedures, and (3) a laboratory evaluation is initiated."

3.3 MEASUREMENT UNITS UTILIZED IN ASBESTOS ANALYSIS AND RELATED
CONVERSION FACTORS

The most common units utilized for measuring and reporting
asbestos concentrations are as follows:

o Air Samples

o Occupational exposures - fibers/cubic centimeters
(f/cc)

o Ambient conditions - fibers/cubic centimeter
(f/cc) and nanograms/cubic meter (ng/m3)

o Hater Samples
o Aqueous samples - million fibers/liter (MFL)

o Soil Samples
o Bulk samples - percent asbestos (%)

- percent type asbestos (%)

As was discussed in subsection 3.2 there are several methods
available for ambient air analysis. PCM is used to report
occupational exposures for air and is reported in fiber per cubic
centimeter (f/cc). TEM is the preferred method for asbestos
ambient air analysis because of its greater sensitivity. TEM
results are also reported in f/cc but are not readily converted

J

AR300J82

I{ the page filmed In thl.4 {tame I* not O.A teadab|e..ot legible. a4 thl4
label, It i4 due to Aubtta.ndo.nd colon on condition o{ the otlglnal page.



Section: 3
Revision: 2
Date: August, 1988
Page: 12

to f/cc measured by PCM analysis because of the greater number of (i
smaller fibers detected by TEM. Methods have been developed to
convert units measured by TEM to units determined by PCM analysis
by first converting the fiber count measured by TEM analysis to a
mass unit per volume unit (often recorded in ng/m3). A method of
conversion is needed because the occupational exposure level is
important in evaluating health effects of ambient air
concentrations. (Most of the available health studies are based
on occupational exposure levels.) A discussion of conversion
factors for ambient air measurements bv PCM and TEM is presented
in the following subsection.

3.3.1 COMPARISONS OF ASBESTOS MASS CONCENTRATIONS (NG/M3) AND
FIBER NUMBER CONCENTRATIONS (FIBERS/CC)

Quoting from the U.S. Department of Health, Education and
Helfare, NIOSH Publication No. 77-169, Pages 71-77):

"In order to relate ambient asbestos levels, which are generally ~>
expressed as ng/m3, to occupational exposures, which are
expressed as fibers >5 urn in length/cc, a conversion factor is
needed. Attempts to formulate such a conversion have generally
been unsuccessful because of exceptionally large variability.
This is to be expected as ambient levels are generally determined
using electron microscopy whereas phase contrast microscopy is
used to measure occupational exposures. In addition, techniques
used to prepare samples for electron microscope observation may
cause alterations in fiber size (diameter and length)
distributions."

Research by numerous individuals including Lynch and Ayer (1966),
Lynch (1970), Nicholson (1973), Nicholson (1975), and Demant
(1975) have investigated conversion relationships for
occupational exposures vs. ambient air concentrations (fiber mass
vs. fiber count), with no exact consensus.

i (J
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O EPA's document 600-8-84-003A, "Asbestos Health Assessment
Update", February 1984 presents a conversion factor for ng/n»3
measured by TEM to f/cc analyzed by PCM (the mean of 6 factors
based on 4 studies) of: 30,300 fibers/ng.

An additional document prepared by ICF/clement Associates, Inc.
entitled, "Strategy for Asbestos Hazard Identification and Dose
Response Quantification" (Document control No. 288-FS1-SC-FDSC-1,
September 18, 1987) discusses the issue of conversion from units
based on PCM analysis. Quoting from pages four (4) and five (5)
of this document:

"Transmission election microscopy (TEM) is currently the accepted
procedure for measuring asbestos in ambient air at Superfund
sites due to its high sensitivity. Therefore, consideration must
be given to selection of appropriate factors to convert between

„ PCM and TEM measurements. One approach for conversion would be
-J to count only those TEM fibers larger than 5 microns with aspect

ratios greater than 3:1 and with a minimum diameter of 0.2
microns. Thus, a "PCLH equivalent" fraction is generated. A
second approach involves conversion of total TEM fibers to PCLM
fibers using an appropriate empirically derived factor. Based on
three different studies, the California Department of Health
Services concluded in its Technical Support Document on the
Health Effects of Asbestos (DHS 1986) that a range of ratios to
PCLM fibers was probably an appropriate conversion factor.
Another approach is a two-step process which begins with
converting TEM fiber counts to mass per unit volume. Data from a
number of studies are available to convert optical fiber counts
to mass concentrations. A value of 30 micrograms/m3 per PCLM
f/ml was recommended in the Airborne Update document and
represents the geometric mean of a range of literature-derived
conversion factors. This value was also noted by the California
DHS. Although additional uncertainty may be associated with this
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approach, it has the advantage of including the contribution of O
shorter fibers (<5 microns) in the exposure estimates. For
example, if u given asbestos sample contains a relatively high
proportion of shorter fibers, those fibers (although shorter than
5 microns) would contribute to total asbestos mass and thus to
fibers/ml after conversion. Additionally this value has been
used in a large number of evaluations in the past; its use would
provide continuity among assessments."

Continuing to reference this document, on page 7 the following
conclusions and recommendations are made:

"There is considerable complexity surrounding the estimation of
possible risks from exposure to asbestos, The approach
ICF/clement suggests is consistent with EPA's mandate for
protecting public health and the environment. Both the unit risk
factor and the exposure conversion factor recommended should lead •-.
to estimates of risk that are not likely to be exceeded by risk ^
at the eite, but also are plausible in that they do not represent
the most conservative values available. In summary, the
recommended approach for estimation of risk from exposure via the
inhalation route is to measure (or predict, if modeling is
required) the ambient air fiber levels in mass units by
transmission electron microscopy, convert the levels to fiber
counts by the conversion factor of 30 ug/n3 per PCM f/ml, and
calculate risk by the average exposure-response factors developed
by EPA in the Airborne Asbestos Health Assessment Update. For
Ingestion, the exposure-response factor used as the basis for the
drinking water proposed MCLG should be used," (see 40 CFR 141,
Vol. 50, No. 219, pp. 46961-46963).

The approach outlined above is also recommended by ICF-Clement
for this RI. Additional more detailed information on the

3-14
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risk/endangerment assessment considerations for this RI are
included in later sections of this document.

3.3.2 SUMMARY OF AMBIENT AIR STUDIES

A summary of ambient air studies is presented in this section, in
order to provide a comparison between ambient air asbestos
concentrations in several U.S. cities and previous and current
studies at the Ambler site.

Table 3-1 presents a summary of ambient air asbestos levels in 49
cities from 1969-1970 based on a study by Nicholson for the U.S.
EPA. Results show that mean concentrations for the samples
ranged from 0.7 to 24.3 ng/m3; however, 48* of the cities had
average concentrations less than 2.0 ng/m3. The highest mean,
24.3 ng/m3 was observed in Dayton, Ohio, where numerous plants
processing asbestos are located.

Table 3-2 provides results of a study of asbestos levels at
various locations including New York, Philadelphia, Ridgewood, NJ
and Port Allegheny, PA measured using electron microscopy
(Selikoff et al., 1972). Results from Philadelphia (less than 50
miles southeast from Ambler) indicate ambient levels between
45-100 ng/m3. Philadelphia had the highest level (100 ng/m3) of
the eight areas studied.

Table 3-3 provides additional results of ambient air asbestos
levels for urban, industrial, and rural areas based on TEM
analysis. These levels are given in f/cc as compared to ng/m3 in
the previous table. The results summarized in this table
indicate rural asbestos ambient levels range from 0.003 to 0.004
f/cc compared to 0.024 to 0.045 f/cc measured in urban areas.
Asbestos levels in the ambient air in industrial areas ranged
from 0.0002 to 0.011 f/cci. The type of industries sampled was

3-15
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TABLE 3-1 '•

SUMMARY OF AMBIENT ASBESTOS LEVELS
IN 49 CITIES FOR 1969-1970

Cumulative t
Concentration of City Mean Cone. <

ng/m3 Given Cone.

0.1-0.9
1.0-1.9
2.0-2.9
3.0-3.9
4.0-4.9
5.0-5.9

>6.0*

12
48
64
72
86
94
6%

* Highest mean - 24.3 ng/m3 observed in Dayton, Ohio.
From Nicholaon et al (1971).

3-16

t . . . a klabel, At I* due to 4ub4tandatd colot ,ot condition o{ the otlglnal page.



Section: 3
Revision: 2
Date: August, 1988
Page: 17

TABLE 3-2

SUMMARY OF AMBIENT ASBESTOS LEVELS IN VARIOUS CITIES

Asbestos Cone.
Sample site ng/m3

New York City 25-60
Manhattan 25-28
Bronx 19-22
Queens 18-29
Staten Island 11-21

Philadelphia, PA 45-100
Ridgewood, NJ 20
Port Allegheny 10-30

From Selikoff et al (1972).

O
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O
REPORTED LEVELS OF AMBIENT ASBESTOS

, FIBERS MEASURED BY TEM*

Setting Level (f/cc) Reference

Urban 0-0.024 Murchio, 1973. "Asbestos
Fibers in the Ambient Air of
California," California Air
Resources Board.

Rural 0-0.004 Same
Industrial 0.0002-0.011 John et al., 1976.

"Experimental Determination of
the Number and size of
Asbestos Fibers in Ambient
Air," NTIS report fPB-254086.

Urban 0-0.045 Chatfield, 1983. "Measurement
of Asbestos Fibre Concentra- .-T\
tions in the Ambient Atmos- >̂
phere," Royal Commission on
Asbestos.

Rural 0-0.003 Same

* All TEM analyses reported to have been made following direct
sample preparation procedures.

Source: "Measuring Airborne Asbestos Following an Abatement
Action." EPA/600/4-85/049 July 1985.
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' not given in this reference, it can be assumed that the
industrial areas did not consist of asbestos related
manufacturers due to the lower concentrations reported than for
urban areas.

3.4 SUMMARY DISCUSSION OP PREVIOUS STUDIES AND SAMPLING
ANALYSIS PROGRAMS

3.4.1 1971-72 EPA FIELD STUDY

In response to public complaints regarding the concern of
possible contamination of air and water from operations of
Nicolet and Certainteed in Ambler, EPA Region III conducted a
field survey of effluent, air and traffic at the site between
November 21, 1971 and January 18, 1972. Interviews were
conducted with local residences regarding complaints of asbeetos

—\ dust in their homes and at the Locust street Playground.

Residents close to the Plant complained of a white dust settling
on furniture in their homes during windy days and the tracking of
white dust into their homes from the soles of people's shoes.
Ambient air samples were taken by EPA at the Nicolet Plant and
found to contain 270 to 690 mg/m3 total particulates. The air
samples were also sent to Batelle Institute for asbestos
analysis. The air samples tested positive for asbestos; however,
no concentration of asbestos in air was given. A traffic survey
at the plant was also conducted by EPA as part of this study.
Dust emissions were observed during loading and disposal of
asbestos waste material. Effluent samples (discharge from lagoon
and runoff from piles) were taken and reported to have had
asbestos concentrations above ambient water quality criteria (45
FR 79326), however no laboratories analysis of water samples was
found in the report.

O
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3.4.2 1973 EPA AIR SAMPLING/ANALYSIS PROGRAM

EPA personnel conducted air sampling on and near the waste piles
on October 22-24, 1973. The sampling network consisted of ten
high-volume ambient air samples and two meteorological wind data
stations. The sampling was designed to measure both the asbestos
concentrations in the immediate vicinity of the disposal piles
and in adjacent off-site locations.

The results are presented in Table 3-4, Air samples were obtained
at ten locations as shown in Figure 3-1. The wind speed and
direction were monitored to determine upwind and downwind
locations and to provide accurate sample ("case") descriptions.
It is not known what method was used to analyze the samples.

At the time of this air sampling, both the Plant Pile and the
Certainteed Pile were active. The Uata generally showed "~s,
average concentrations between approximately 10.7 to 160 ng/m3
for samples collected downwind of the active piles. The highest
concentrations of asbestos in air (1745 ng/m3) were detected from
the emissions of the disposal of polishing and grinding waste
into the settling pond/lagoon area. In general, more remote
locations on and off-site showed lesser concentrations
(Approximately 10-100 ng/m3); although one offsite location
adjacent to the railroad tracks which was positioned to measure
emissions from both the Plant Pile and Certified Piles showed
elevated levels of 49-500 ng/m3. This compares to ambient air
concentrations for Philadelphia of 45-100 ng/3 based on a 1971
study by Nicholson. It is also suspected that an additional
source of asbestos was located in this area. Based on aerial
photographs from 1971 (Section 1.3), a small satellite asbestos
pile could have been located in this area. The area is currently
privately owned by several businesses and is used for parking and
a sand blasting operation. ,
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Table 3-4
1973 EPA Air Sampling/Analysis Program Air Concentrations

Case* Sample , Hat. Data Asbestos Cone.
Nominal
Sampling Hind Range Average

____Site** Time/hr____Speed____Direction fnoVm3)_____(noVm3)

1 |1 12 1-13 mph 160°-220° 3.1-22.0 12.0
2 |2 12 2-13 mph 1600-280° 19.0-210.0 114.5
3 #3 12 2-13 mph 1600-270° 29.0-53.0 41.0
4 |4 12 2-13 mph 160°-280° 5.5-16.0 10.7
5 |5 12 2-13 mph 160°-270° 97.0-130.0 113.5
6 #6 12 7-14 mph 2550-2800 48.0 48.0
7 |6 12 1-8 mph 900-2700 160.0 160.0
8 #7 1.1/2 1-8 mph 900-260° 890-2600 1745
9 |7 12 1-8 mph 90°-270° 1200 1200
10 |8 12 2-13 mph 1600-2800 7.2-12.0 9.6
11 |9 24 2-14 mph 1600-2800 13-27 21
12 |10 24 2-14 mph 1600-270° 49-500 253

•Cat* dncrlptlon **s«plt dncrlptlon
1. Mckground nbltnt eonnntntlon, 1. ftMft dlipoul plm-bickground, iMplir.
2. Wind-blow Mlulom f rat Ktivt 2. ftrtiln-Tnd Ktlvt pi It, iMpltr.

Cirtiln-Tnd Mtti dlipoHl pUt, 1. E»t iKtor of Nlcolit pill, iwplir/mtiorloglcit
3. wind-blow Mlulom fro* Nlcoltt ititlon.

•ctlvi plli. I. Wnt iictor of Nlcoltt plli, iMplir.
«. Wind-blow Mlulora fro* Nlcolit i. north Hctor of Nlcolit plli, unltr.

•cllvt dlipoMl, plli tw*i, md 6. louth Mctor of Nlcolit plli, umltr.
rwdnyi. 7. Nlcotit Mttllnj pond, iMplif,

t. wind-blow Mlulom froi both 8, Pliyground on Locuit »»., iwplir/Mtiorloglcil
Nlcolit md drtiln-Tnd Ktlyi ititlon.
dlipoiil pi In. o, louth Dintnut ttrnt, unltr,

4. Wind-blow (iiliifora fro* Nlcolit 10. Mttmn riflroid tricki md mln Itrnt, tnt of
Ktl«t dlipoMl plli. ilw, Mmlir/Mttorologlcil ititlon.

7. Wind-blow Mlulom fm C«rtilnt«d
•ctlv* dlipowl plli.

8, Miilem frw during of pollihlng md
irlndlm Hutn Into iittllm pond.

V. Mlulom fron tutting md nixing of
pollihlng «<d grinding until.

10. Wind-blow Mlulom fron Nlcolit
Imctlw nlllnn plli nnr chlldrm'i
pliyiround,

11. Wind-blow Mlulom fro* Nlcolit Ktlvt
dlipoiil ilti M truck traffic.

12. Miilom frM both KtlmdlipoHl pi In.

In centring ttmi multi tilth Molmt our guldillnn ntamndid by Nlcholion for NM York City (100 ng/*5),
concmtntlom ncordri during thli ituoy IMHOM thm guldillnn In MM cnn by flw md tm tlMt tht
guldillm ccncmtntlem.
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O S.4.3 1975 MONTGOMERY COUNTY REDEVELOPMENT AUTHORITY-HASTEP1LES
REUSE STUDY

("Assessment of Industrial Haste in Ambler, Pennsylvania"
University City Science Center, Philadelphia, PA, July 1975.)

This study was performed as an assessment of possible uses/reuses
for the waste material in the Ambler waste piles. The study was
performed by the University City Science Center for the
Montgomery County Redevelopment Authority. A team of
professionals in diverse fields was assembled to investigate
possible commercial uses for the waste pile materials. The team
consisted of:

Albert Spitz, Consultant
Dr. Saul Shupack, Chemist, Villanova University
Dr. Karl Gabriel, Pharmacist, Medical College of PA.

^ Dr. Patricia Sparks, Environmental Studies, Glassboro
^ State College

Dr. Charles Smith, IU Conversion Systems
Dr. Richard Miller, Civil Engineer, Villanova University
Fritz Dressier, University city Science Center

The team was supplied with a characterization of the material in
the waste piles as shown in Table 3-5. The data indicated that
the waste solids are typically approximately 80% calcium
carbonate and 101 magnesium carbonate. It was also estimated
that the piles contained as much as 60% water (by weight).

A number of possible commercial uses were suggested including
processing the material for reclamation of calcium carbonate or
magnesium carbonate; intermediate cover for sanitary
landfills; highway fill; neutralization of waste from feed-lot or
industrial operations; filler in pet litter; calcium to lime
production; and other miscellaneous use*.

O "
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Table 3-8
PILE CHARACTERIZATION

UNIVERSITY CITY SCIENCE CENTER

AR300I95
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Hole NO. B-l B-l B-l B-l B-l B-2 B-2
Sample No. 8-3 S-5 S-7 S-8 S-10 S-7 S-8
Depth, ft. 10-12 20-22 30-32 35-37 45-47 35-37 40-

Brightness 82 82 80 81 81 81 82
Particle size:
% Passing
NO. 200 Sieve 99.0 98.2 100 100 100 98.0 96.2
NO. 325 Sieve 93.4 94.9 100 100 100 85.6 76.4
5 micron 34.0 68.2 70.4 62.6 79.0 53.8 50.7

Chemical analysis:
Calcium carbonate (%) 79.3 83.6 79.7 81.2 85.5 79.3 74.4
Magnesium carbonate (%) 9.95 ' 8.74 11.2 10.8 8.00 8.28 16.3
Silicon Dioxide (%) 1.61
Ferric oxide (%) 2.26 ^
Aluminum oxide (%) 3.36 0

Source: Analysis done by Ambric Testing * Engineers for Nicolet,
March 16, 1971.

O
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O The problems associated with using the wastepile material for
commercial application which were identified were:

o Most of the magnesium carbonate has already been
removed.

o The remaining material has too much water. Calcium
carbonate is usually obtained from quarries where it is
typically 90% pure and contains only 10% water content.

o The amount of material (about 600,000 tons, dry
analysis) does not justify capital expenditures for
on-site processing,

o The waste varies in composition. Certain sections
contain ash or asbestos waste.

o Sections of the pile contain from 2-20% asbestos,
limiting the use of the material for health reasons.

, Several possible removal strategies were discussed, including
hauling the waste by train to abandoned coal mines, hauling it by

I'-N truck to a local landfill, or pumping it as a slurry to a local
landfill.

Aside from the problem of finding a disposal site that would take
the waste, these solutions were determined not to be economically

' feasible at a estimated cost of 4 to 10 million then-current
dollars for just handling and hauling alone.

The final recommendation of the team was to stabilize and
vegetate the piles with subsequent possible use as a recreational
facility (any intrusive activity could be restricted).

O
3-25

U tht page filmed In thl4 {tame 14 not a4 teadabte^t, legible,,at t
.label, At A4 due to Aubttandand colon on condition o{ the otlglnal page.



Section: 3
Revision: 2
Date: August, 1988
Page: 26

3.4.4 1975 PA DEPARTMENT OF HEALTH-HASTEPILE HEALTH HAZARDS Q
STUDY

("Possible Health Hazards of Asbestos Haste Pile: Ambler
Pennsylvania"; August 1975.)

This study was prepared by tlui PA Department ot Health in
response to a request by PA Department of Environmental Resources
through the Bureau of Adult Preventive Health Programs to
investigate the potential health hazards associated with the
Ambler waste piles. The Department of Health studied the cause
of death for a six year period (1969-1971) and compared the
results with a 6 community area including Ambler and with the
State of Pennsylvania as a whole. Only groups of causes of death
were studied. For example, mesothelioma, a tumor in the
respiratory system that has been linked to asbestos exposure, was
not looked at separately but as a part of the category malignant <->.
neoplasms of the respiratory system. No statistically
significant differences were noted between Ambler death rates and
rates for other geographic areas for any of the causes of death.
It was pointed out; however, .that the small population of Ambler
increased the statistical uncertainty of the results and that I
acquisition of more adequate morbidity data, if available, would
allow a more complete evaluation. :

3.4.5 1977 PA DEPARTMENT OF ENVIRONMENTAL RESOURCES I
AIR SAMPLING/ANALYSIS PROGRAM j

("The results of an Ambient Air Asbestos Monitoring Program in i
the Vicinity of an Inactive Refuse Pile in Ambler, Pennsylvania", .1
Equitable Environmental Health, Inc. March 1977.)

This study was sponsored by the Pennsylvania Department of
Environmental Resources. Ambient air monitoring was conducted I
from November 1 to 19, 1976 at the locations shown in Figure 3-2.

3-26
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U A total of 73 samples were collected from 13 sites. The normal
sampling time was four hours. The samples were analyzed by both
Phase-Contrast Microscope (PCM) and Transmission Electron
Microscopy (TEM). The results of the PCM analyses which measures
all fibers greater than 5 urn in length ranged from 0.0005 to
0.066 fibers/cubic centimeter (f/cc). TEM analyses which can
identify fiber type, was performed on all 73 samples. The TEM
method revealed the presence of chrysotile type asbestos
particles on only four of the air sampler filters. The measured
concentrations of the four samples on which asbestos were
detected (based on wind direction) are presented below:

Site Asbestos Concentration Probable Source

C 0.017 f/cc Locust St. Pile

F 0.085 f/cc Plant activities
,-N F 0.028 f/cc Plant activities

G 0.0306 f/cc Plant, Locust St.
Pile, Plant Pile

The minimum detectable asbestos concentration determined by the
TEM technique varied from 0.0010 to 0.0032 fibers per cubic
centimeter. The ambient air asbestos concentrations reported in
the study were elevated compared to the ambient air levels
measured for urban areas by Chatfield, 1983 (see Table 3-3).

3.4.6 1977 NICOLET HASTE PILES COVER/VEGETATION STUDY

("Summary of Experimental Research on the Industrial Piles of
Haste Material, Ambler, Pennsylvania" A.H. Johnson and Craig C.
Shrader, University of Pennsylvania), September 1977

This study was sponsored by Nicolet to investigate methods for
revegetating the waste piles to reduce surface erosion and

O
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M ' asbestos fiber release. An investigation was made of the waste
pile surface material and its suitability for plant growth.

X-ray diffraction was used to determine the minerals in the pile.
Table 3-6 indicates the minerals that were found in fifteen (15)
surface samples. Calcite was the most common mineral.
Chrysotile and anthophylite asbestos were also found.

Chemical analyses were done for the same fifteen (15) samples and
the results are presented in Table 3-7. The results of the
analysis indicated the concentrations of the microelements (Fe,
Mn, Zn, Cu and Na) are within normal ranges expected for plant

, growth. However, as indicated in Table 3-4, the pile material
was found to be too high in pH and magnesium for good plant

j growth.

.̂ •v The study group investigated the use of soil conditioners such
-^ as sewage sludge or animal manure to aid plant growth.

Greenhouse and field experiments were conducted and showed that
conditioners would help the establishment of a good vegetative
cover.

It is not known whether or to what degree Nicolet has ever
, implemented a program for placement of sewage sludge on either of

their two piles as an aid to vegetation growth. However, there
was no evidence of the use of sewage sludge on the Plant Pile
during the RI field investigation. Based on the site survey
during the RI field investigation, the side slopes of the Plant
Pile are covered with 6-14 inches of silty soil. The top plateau
area of the Plant Pile remains undercovered although trees and
grass have been established in this area. The material on top of
the Plant Pile is primarily slurried sediments from the settling
ponds and filter lagoons that may have obtained organic material
from the plant growth (green algae) observed during the summer

^ months in the filter bed lagoons.
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3.4.7 1983 NUS FIT III AIR, HATER AND SOIL SAMPLING AND ANALYSIS
PROGRAM

NUS FIT III conducted a site inspection, sampling and analysis
program in 1983 in connection with the CERCLA site evaluation/
ranking program. The field work was completed on June 2, 1983.
Air, water and so.'.l samples were collected and analyzed.

The ambient air samples were analyzed by Phase Contrast
Microscopy (PCM). As was previously discussed, this method only
detects fibers greater than 5 urn in length and a 3:1 aspect
ratio. Most fibers found in ambient air are however less than 5
urn. Hater samples were analyzed by TEM and soil sediment samples
by PLM.

The Quality Assurance review of this laboratory data conducted at
that time identified the major areas of concern to be the
differences in the types of fibers each of these methods measure,
and the different levels of precision associated with each method
(e.g., small fibers cannot be accurately measured by PCM). The
review also concluded that interpretation of this asbestos data
should also include environmental as well as analytical quality
assurance consideration. In particular, air sample results may
have been affected by periods of heavy precipitation in the weeks
prior to sampling, which would tend to reduce the number of free
floating fibers. Specifics of the QA data review for the 1983
NUS at sampling and testing program can be found in the NUS report
dated May 1984.

Table 3-8 presents a sample data summary for samples obtained in
this program. Figure 3-3 depicts the sample locations.

Two air sample results based on PCM analysis revealed no fibers
above detection limits in the ambient air sample taken adjacent
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1J to the playground and offsite. A third air sample taken near the
southwest slope of the Locust Street Pile (Sample 582C-3) however
revealed, 0.02 fibers/cc (fibers greater than 5 urn). This
compares to OSHA/NIOSH occupational exposure limit of 0.2 f/cc
for an 8-hour exposure period based on PCM analysis.

A comparison with typical ambient air asbestos levels provided in
Table 3-3 can not be readily made, because the levels in this
table are based on sample analysis by TEM which can detect fibers
less than 5 urn.

Aqueous samples (analyzed by TEM) taken downstream of the site
from Hissahickon Creek revealed total asbestos fiber
concentration of 310 millions fiber per liter (MFL). EPA
recommended surface water quality criteria for asbestos is 0.3
MFL, corresponding to a 10~5 cancer risk (45 FR 79318). The

s-*. upstream sample had a concentration of 39 MFL, indicating an
^ impact to the stream. The concentration from the filter bed

lagoon discharge was 120 MFL. These levels indicate asbestos
migration to and contamination of ambient surface water with
asbestos fibers.

t

Aqueous samples taken from the nearest private well (Burke well -
; upgradient of the site on Morris Road on opposite side of

Hisoahickon Creek) revealed total asbestos fiber concentration of
7.4' MFL. The recommended contaminant level for asbestos in
drinking water corresponding to a 10"5 risk level is 0.71 MFL
(fibers greater than 10 urn - 50 FR 46961). No information on
fiber sires was provided in the report. The source of asbestos
in this well is unknown. There is no documented evidence to date,
of asbestos migration via groundwater.

Solid samples taken from the asbestos filter bed lagoons were
, tested and showed to contain 30 percent chrysotile asbestos
^ fibers. Composition of solid samples from spring sediment near
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' ..) the Locust Street Pile and from the slope of the Locust Street
Pile were found to contain less than five percent amosite and
chrysotile aabeatos fibers, Sediment samples from Hissahickon
Creek, however, did not contain detectable concentrations of
asbestos fibers.

3.4.8 1983 EPA, ERT, TAT AIR AND SOIL SAMPLING/ANALYSIS

On June 16, 1983, Henry Van Cleave, Acting Director, Emergency
Response Division, issued a memorandum to all Environmental
Services Divisions requesting a list of all asbestos sites and an
inspection of these sites. On September 15, 1983 U.S. EPA Region
III On-Scene Coordinator (OSC) Bruce Potaka tasked the Heston
SPER Technical Assistance Team (TAT) to conduct an off-site
assessment at the asbestos waste piles on the Nicolet, Inc.
property located in Ambler, Pennsylvania.

i ^-\
During the investigation the TAT Member observed steep,
unvegetated elopes with evidence of erosion. The Locust Street

1 Pile was observed to be eroding in the playground area and on the
aide slope adjacent to the Hissahickon Creek. The EPA sponsored

: sampling team collected wipe samples from the playground located
at the toe of the Locust Street Pile on Locust Street waste pile
samples. EPA/ERT personnel set out air sampling pumps on and off
the piles but samples were not collected due to equipment
difficulties. Sample teat data is presented on Table 3-9.
Sample locations are depicted on Figure 3-4.

Twelve (12) solid waste samples each were collected from the
Locust Street Pile and the Plant Pile. Three (3) surface duet
wipe samples were taken from the playground adjacent to the
Locust street Pile. Twenty (20) of the total 27 samples
collected and analyzed by Polarized Light Microscopy (PLM) tested

•J
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1 positive for asbestos. Samples identified as positive for
asbestos by PLM were sent to two different labs, and the results
were confirmed by Scanning Electron Microscope (SEM).

Both amosite and chrysotile asbestos fibers were found in samples
from the Locust Street and Plant Piles. Percent of total
composition of amosite in the Locust street Pile ranged from 0 to
40 percent and in the Plant Pile from 0 to 35 percent. Percent
of total composition of chrysotile in the Locust street Pile
ranged from 0 to 8 percent and in the Plant Pile from 0 to 18
percent. The variation of percentages indicates a nonhomogeneous
composition of both piles. Higher concentrations of asbestos
were found in samples taken from the top plateau areas of both
piles. Two of the playground surface dust samples tested
positive for asbestos. Both amosite and chrysotile type asbestos
fibers were detected in concentrations of 1-3 percent. As a

-v result of these findings the Centers for Disease control (CDC)
-' issued a Public Health Advisory recommending the closure of the

playground. The OSC submitted a Request for Emergency Funding to
initiate actions to alleviate the health risk.

During December 1983, the EPA Emergency Response Team (ERT)
conducted additional on-site pile waste and surface dust
sampling, and off-site soil sampling. Ambient air samples were
also taken and analyzed. Both chrysotile and amosite asbestos
fibers were detected in both on-site pile waste and dust samples
from the playground equipment confirming previous findings by the
September sampling program, "he two off-site location (East
Maple Street Pile and along the drainageway from lagoon) also
tested positive for asbestos. The soil samples were evaluated
via polarized light microscopy (PLM). The surface wipe samples
(Samples A03 and A04) taken from the playground equipment, were
tested by scanning electron microscopy (SEM) and confirmed by

J
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X-ray dispersive microanalysis methods. Two of three samples Li"
showed a measurable accumulation of asbestos on playground
equipment. Laboratory quality control (analysis and handling)
was conducted in accordance with both the KIOSK and EPA asbestos
quality control programs.

The air samples were collected via 3-stage, field aerosol
monitors on .45 micron nucleopore membrane filters, Total volume
of air sampled ranged from 87-576 liters. (HIOSH procedures for
asbestos indicate that for a detection limit of 0.01 fibers/cc, a
total of 2,880 liters of sample air must be passed through the
filter).

Samples were analyzed by SEM with a confirming identification of
asbestiform fibers via energy dispersive X-ray microanalysis (a
detection limit of 0.5 urn diameter was utilized). Total fibers
detected were below acceptable detection limits (<0.01 f/cc). -\
Asbestos fibers were not detected in any of the samples. These
results are however, questionable due to the low volume of air
sampled.

The results of the EPA, ERT, and TAT sampling in 1983 indicated a
potential for public exposure due to the migration of asbestos
fibers from the piles to the playground area. The observed
weathering of the uncovered piles was also cited as increasing
the potential for offsite migration and exposure of local
resident! (toe of Locust street Pile was eroding into playground
area) and Hissahickon Creek (erosion on pile side slopes
adjacent to Creek).

3-42
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3.4.9 1984 ERT AIR SAMPLING AND ANALYSIS PROGRAM (DURING REMOVAL
ACTION)

Additional air sampling was conducted in April 1984 by ERT as
part of the Immediate Removal Action. The sample results are
shown in Tables 3-10 and 3-11. The data in Table 3-10 represent
samples collected between April 9 and 11, 1984 and analyzed by
scanning electron microscopy (SEN). The locations of the data
points for Table 3-10 are shown in Figure 3-5. The data in Table
3-11 represent samples collected between April 12 and 13, 1984
and analyzed by transmission electron microscopy (TEM). The
sampling locations associated with the data in Table 3-11 are
shown in Figure 3-6.

The results of this air sampling and analysis program indicate
the presence of asbestos at both on-site and off-site locations
at levels comparable and slightly above asbestos ambient air
levels reported for urban areas by Chatfield, 1983. The two
on-site samples, located on the Locust Street Pile, were found
to contain asbestos concentrations of 0.07 and 0.05 f/cc,
compared to a maximum concentration of 0.045 f/cc reported by
Chapfield for urban areas. One off-site location contained an
even higher concentration of asbestos fibers (0.12 f/cc). This
location was reported to be an automobile service station which
was believed to have performed brake servicing. This activity
would account for the elevated levels of asbestos fibers detected
in the ambient air at this sampling station.

3.4.10 19B4 EPA EROSION AND SEDIMENTATION CONTROL PLAN FOR THE
LOCUST STREET PILE ("EROSION AND SEDIMENTATION CONTROL
CONCEPTS FOR THE AMBLER ASBESTOS TAILINGS PILE", REGION
III, TAT), JUNE 15, 1984.

This report presented a design to prevent erosion of the Locust
Street Pile. The steep sideslopea of the pile caused any soil

3-43

fiR3Q02|lf
/IL?/' W*.'ft1*** *« thit {tame 14 not at teadable .ot legible 04 thi*1^'
label, At 4.t due to tubttandand colon on condition o{ the otlglnal Jaje".



Section: 3
Revision: 2
Date: August, 1988
Page: 44

TABU! 3-10 O

April 1984 Air Sample
Data Buutry
Aabestos Levels

(Scanning Electron Miorosoopy)
Ambler Aabestos Piles Bite, Ambler, PA

Sample Total Asbestos Total Fibers Total Asbestos
Date Location Fibers Counted per ce 11) Fibers per cc (2\

4-09-84 LI 2 0.0001 0
4-09-84 L4 4 0.0003 0
4-09-84 L6 2 0.0001 0
4-OS-84 04 2 0.0002 0
4-09-84 08 4 0.0003 0

-10-84 U 16 0.0010 0
-10-84 L5 32 0.0020 0.0005 (3)
-10-84 04 22 0.0020 0.0010 (4)
-10-84 08 6 0.0010 0

-11-84 LI 0 0 0
-11-84 L4 6 0.0010 0
-11-84 08 6 0.0004 0
-11-84 04 12 0.0010 0

Source: 1984 ERT Air Sampling and Testing Program

(1) Total Asbestos and Non-asbestos Fibers/cc at 1000X (NIOSH PCM
Equivalent).

(2) Only Asbestos Fibers/cc at 1000X.
(3) Asbestos type: chrysotile and amosite.
(4) Asbestos type: chrysotile.
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TABLE 3-U

April 1984 Air Buple Data Summary
Asbestos Levels

(Trenssission Electron Niarosoopy)
Mioolet Asbestos Bite, Aibler, PA

Total Asbestos Total
Sample Fibers Counted Asbestos

Date Location in 10 Grids t Sum (fibers/cci

4-12-84 LI 14 0 0.07 (1)
4-12-84 L4 9 0 0.05 (1)

4-13-84 L7 1 100 0.01 (1)
4-13-84 04 24 21 0.12 (1)

„ Source: 1984 ERT Air Sampling and Testing Program

(1) Asbestos Type: Chrysotile
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O placed on them to be washed away during rainstorms during the
initial phases of the emergency action.
The design included placing interceptor channels at intervals on
the steep slopes of the pile. The channels discharged
continually into rock filled trenches, The channels have a
slight gradient to limit water velocity and are vegetated with
grass. The drainage channels were to be dug by hand because of
the steep slope of the sides of the pile. These drainage
channels were completed in October 1984.
3.4.11 ERT AIR SAMPLING/ANALYSIS PROGRAM (AFTER REMOVAL ACTION)

The final round of sampling conducted by ERT in September 1984
(after the piles were covered) consisted of sampling in homes
adjacent to the Locust Street Pile and in homes located north and
northeast of the piles.

On September 18 to 19, 1984, 122 samples were obtained at 9
1 sampling stations, (4 homes adjacent to the site and 5

background homes located from 2400 to 4500 feet from this site;
"") see Figure 3-7 for sample locations). Samples were collected on

mixed cellulose ester filters (dust was vacuumed into filters).
One hundred of the mixed cellulose ester filters were analyzed by
NIOSH PtCAM 239, utilizing Phase Contrast Microscopy. Twenty-two
of these mixed cellulose filters were subsequently analyzed by
transmission electron microscope (TEM) procedures. A blank
sample was included for TEM analysis only.

The samples analyzed using TEM procedures were reported in two
sets of data; one analysis excluded clumps and large bundles of
fibers and on* analysis looked only at clumps and bundles of
fibers. Due to concern about the quality of the TEM results and
the high number of asbestos fibers detected on the blank filter,
eight of the mixed cellulose filters were reanalyzed. The
Zumwalde-Dement procedure using TEM outlined in the NIOSH
Publication NO. 77-204, was employed to analyze four blank
filters from the original batch of filters. No asbestos fibers

O
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were detected. Analysis of three filters from samples collected Q
from background homes and one filter from an adjacent home
identified no asbestos fibers. The results of the reanalysis of
the original filters collected did not show asbestos present
inside the adjacent home at levels that could be differentiated
from the background home levels. However, due to questionable
sampling techniques and blank contamination the final results of
this study were deemed inconclusive by the EPA and CDC.

The Department of Health and Human Services, specifically, the
Centers for Disease Control (CDC) and the National Institute of
Occupational Safety and Health (NIOSH) assisted in this project.
CDC was instrumental in evaluating sampling data and providing
the EPA with the recommendations as to the type of action
necessary to alleviate the health hazard. The CDC had issued a
Public Health Advisory prior to the pile covering which
instructed adjacent residents to keep their windows closed during ^
the removal action. NIOSH was on-scene to provide expertise on v— '
sampling for asbestos in settled dust in homes near the site.

3.4.12 1986 NUS FIT III HATER SAMPLING AND ANALYSIS PROGRAM
(CERTAINTEED - PIPE PLANT DUMP SITE)

On November 11, 1985, the Certainteed Pipe Plant Dump was
inspected by U.S. EPA, PA DER, WESTON and Certainteed
Corporation. The cover on the pile was found to be in relatively
good condition and well vegetated. Little evidence or erosion
and scouring along the south side by the stormwater
drainageway was observed. These observations indicate less
potential for future stability problems and cover loss. It was
decided by U.S. EPA and PA DER that surface water and sediment
samples of the drainageway and groundwatar samples from the |
surface water aquifer under the flood plain area adjacent to
Hissahickon Creek would be taken by the EPA FIT team to verify I
that no contaminants of concern were migrating from this source.
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O on May 12, 1986, the NUS FIT III team took five (5) water samples
from Stuart Farm Creek adjacent to and southeast of the asbestos
Pipe Plant Dump. Figure 3-8 presents the surface water sampling
locations. The samples were analyzed by Transmission Electron
Microscopy. Chrysotile asbestos fibers were detected both
upstream and downstream of the closed dump. The average
concentration of two aqueous samples both upstream and downstream
was 42 MFL. (EPA ambient water quality criteria associated with
a lifetime cancer risk of 10-3 is 0.3 MFL).

Chemical analyses were also performed on the stream samples.
Measurable amounts of calcium (60 ppm), sodium (30 ppm),
magnesium (ISppm), and potassium (3 ppm) were found both upstream
and downstream.

3.4.13 1986 REM II (DESIGNATED ACTIVITIES) AIR AND HATER LIMITED
SAMPLING/ANALYSIS PROGRAM

.'->
•-J On October 2, 1986, a limited air and water sampling program was

performed as a CERCLA Designated Activity near and around the
piles, and at the Hissahickon Creek by the REM II RI/FS Team.
The purpose of this investigation was to investigate the current
(September - October, 1986) asbestos levels in the ambient air
near the closest residential areas and in the Hissahickon Creek.
No sampling of the creek and ambient air around the piles had
been performed since the Removal Action. All samples were
analyzed by transmission electron microscopy (TEM) with
energy-dispersive X-ray spectra confirmation (EDS).

This limited sampling program was undertaken at the close of the
work plan phaae of the RI/FS in order to insure that there was no
longer an acute asbestos contamination problem indicated for the
Nicolet Site which would warrant evaluation of Interim Remedial
Measures.

O -
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Two borough air samples (Locust Street and playground area) and
two downgradient samples (from downwind of eroded areas on the
piles) were collected on October 2, 1986. Sample locations are
shown on the attached Figure 3-9. A duplicate of sample
AAP-AAR-03 (playground) was taken and sent for analysis. For
additional quality control purposes a laboratory/trip blank was
sent for each sampling location. The five laboratory/trip blanks
were left sealed (cap to cassette not removed) until removal at
the laboratory. A field blank was taken at the site by removing
the cap to the cassette and placing the field blank in a sealed
bag. All samples were shipped in the same container.

Samples were collected on 0.8 mm mixed cellulose ester
(Millipore) filters (backed up by a 6 micron mixed cellulose
ester pad and final backing pad) using Micromax 1 pumps for a
period of approximately 4 hours at an approximate rate of 13
liters/minute. The weather conditions during air sampling were
characterized as sunny with a relatively constant wind from the
west at 10-12 mph. The cover soils, vegetation, and exposed
areas were moist from rain showers that fell on the previous
night (October 1, 1986). (The potential for release of asbestos
from exposed areas would be greater under dryer conditions.) Air
samples were analyzed by transmission electron microscopy (TEM)
(NIOSH Method 7402) with selected area electron diffraction
(SAED) and energy-dispersive X-ray spectra (EDS) confirmation.

The results of the analysis on the air samples are summarized in
Table 3-12. Asbestos was not found above detection limits for
any of the air samples collected during the field activities.
The on-site samples contained some non-asbestos particulates as
indicated in Table 3-12. The analysis results for the field
blank (AAP-AAR-06) and laboratory blanks (AAP-AAR-07 to 11) sent
for quality control purposes, were negative for both asbestos as
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O well as non-asbestos fibers. These samples results support the
reliability of the laboratory test results. Similarly, the
non-detection of asbestos or non-asbestos particulates in the
laboratory blanks indicate a clean (asbestos free) laboratory
environment. The consistency of these results support the
quality of the analysis.

The analytical results of the air samples taken during the
limited sampling program indicate asbestos concentrations in the
ambient air of the site to be below detection limits (or not
present) for the conditions present on the day of sampling
(October 2, 1987). Ambient concentrations of air-borne asbestos
nay be higher under dry conditions (July-August). Air sampling
during dryer conditions was subsequently performed in the RI
field investigation. A total of 3 rounds and up to 24 air
sampling stations were completed (on-and off-site) during the RI
field activities.

*~x
Four surface water samples were taken by HESTON on Octobers,
1986, along the Hissahickon Creek (upstream, adjacent and
downstream of the piles ) and the tributary leading from the
filter bed lagoons to Hissahickon Creek. Sample locations are
shown on the attached Figure 3-9. Samples were collected in
sterilized plastic half gallon jugs. Hater samples were kept
cool and delivered to SSiM to be analyzed for asbestos by TEM
(EPA Interim Method for asbestos in water) with SAED and EDS
confirmation.

The analysis of the four surface water samples (SH-01 to SH-04)
is sunmarized in Table 3-13. of the four samples analyzed,
asbestos was detected in only sample ISH03, collected from the
tributary leading from the filter bed lagoon to Hissahickon
Creek. The concentration of sample fSH-03 was 1.99 million
fibers per liter (MFL).

3-55
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TABLE 3-12

Asbestos Analvsia-Air Samples
O

Lab. No.
SL86

339B

3399

3400

3401

3402

3403

3404

3405

3406

3407

3408

S,S«McCoy/Heston
Samel* 1

AAP-AAR-01
(Plant Pile)
AAP-AAR-02
(Locust St. Pile)
AAP-AAR-03
(Playground)
AAP-AAR-04
(Duplicate of 03)

AAP-AAR-05
(Locust St. 204-209)

AAP-AAR-06
(Field Blank)

AAP-AAR-07
(Laboratory Blank)

AAP-AAR-OB
(Laboratory Blank)

AAP-AAR-09
(Laboratory Blank)

AAP-AAR-10
(Laboratory Blank)

AAP-AAR-11
(Laboratory Blank)

Asbestos
Results

Non detected

Non detected

Non detected

Non detected

Non detected

Non detected

Non detected

Non detected

Non detected

Non detected

Non detected

Non Asbestos
Particulates

Gypsum
Na, K, Al, Si

Gypsum
K, AL, Si

Gypsum
AL, Si

Gypsum
Na, Zr
Gypsum
silica
Without debris
very clean. No
diffraction
pattern or EDXfKOHithout debris
very clean. No
diffraction
pattern or EDXS
Hithout debris
vary clean. NO
diffraction
pattern or EDXS
Hithout debris
vary clean. No
diffraction
pattern or EDXS
Hithout debris
vary clean. No.
diffraction
pattern or EDXS
Hithout debris
vary clean. No
diffraction
pattern or EDXS
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(J~) TABLE 3-13

ASBESTOS ANALYSIS OF HATER SAMPLES

Lab
SL86

3409

3410

3411

3412

SSiMcCoy/Weston
Sample

SH-01

SH-02

SW-03

SW-04

Asbestos Results

Negative for asbestos fibers
Positive for asbestos fibers
amosite and chrysotile

Negative for asbestos fibers
Negative for asbestos fibers

Total
Fiber Count

-0-
1.99 x 106
fibers per
liter

-0-
-0-

0
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The remaining surface water samples (SH-01, SH-02 and SH-04) C 1
collected upstream and downstream of the piles along the His-
sahickon Creek were found to have asbestos concentrations below
the minimum detection limits.

Based on these analytical results, any asbestos potentially
present in runoff/erosion from the piles and low concentration of
asbestos in the discharge from the filter-bed lagoons under the
conditions encountered on the date of sampling is diluted by the
waters of the Wissahickon Creek to concentrations below detection
Halts. Concentrations in the Creek may be higher under low
flow conditions, maintenance operations at the filter bed lagoons
(sediment disturbance), or after heavy short duration storms
(increased runoff/erosion and sediment disturbance). These
results are far below the level reported in June 1983 for the NUS
FIT Sampling and Testing Program (before the piles ware
covered). Asbestos (total fibers) concentration for an upstraaa, /-*
downstream, and filter bed lagoon discharge sample were reported ^
as 39 MFL, 310 MFL and 120 MFL, respectively.

The results of the limiting sampling program indicated asbestos
concentrations were below detection limits in the ambient air and
the surface water upstream and downstream of the piles along
Hissahickon Creek. The surface water sample obtained in the ,
tributary leading from filter bed lagoon to Wissahickon Creek
indicated asbestos concentration significantly below the
concentration detected during the June 1983 FIT Testing Program.
These results lead to the following conclusion.

o The asbestos concentrations reflect the ambient air and
stream condition for the day on which the samples ware
obtained, and probably reflects the conditions
prevalent during moist/wet seasons.

o The ambient air asbestos concentrations for the
conditions sampled were below detection limits and do
not represent an immediate concern.

3-58
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The filter bed lagoons release low concentrations of
asbestos, This concentration may vary (increase)
during conditions thet disturb the lagoon sediments and
filtering operations. Asbestos concentration are
however diluted by the Hissahickon creek under the
conditions present during this sampling program
operation.
Further sampling and analysis need to be performed
during dryer seasons to accurately assess the ambient
air and stream conditions at the site. This will be
performed during the RI Phase,

3.5 SUMMARY OF PREVIOUS STUDIES AND SAMPLING/ANALYTICAL PR06RAMS

In general, the previous sampling and analysis programs indicate
that ambient air was a pathway for asbestos transport from the
piles to local receptors. Positive identification of asbestos
fibers present on the surface of the piles and on the surface of
playground equipment located on Locust Street was documented.

._) Concentrations above asbestos ambient air levels for urban areas
were detected at the Ambler site during several studies prior to
the Removal Action. In addition, asbestos was detected in the
Hissahickon Creek downstream of the Piles in concentrations
approximately 10 times the upstream concentration and 1,000 times
the ambient water quality criteria associated with a 10~5 cancer
risk. Direct runoff from the piles and the discharge from the
filter bed lagoons were identified as the pathways for asbestos
into area surface water. The 1984 Removal Action that included
covering most of the Locust Street Pile and Nicolet's separate
action in covering the sideslopes of the Plant Pile have greatly
reduced the potential sources of ambient air and surface runoff
contamination, sampling and analysis programs following the
covering of the piles are limited and have not completely
addressed the potential short and long-term environmental and
public health risks associated with the Locust street, Plant
and Certainteed Piles as well as the filter bed lagoons.

O
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To address these existing data gaps (for the Endangerment
Assessment and other RI/FS purposes), additional sampling and
analysis was performed during the RI Program, as described
hereafter.

, Ql
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T ' 4.0 FIELD INVESTIGATION AND ANALYTICAL PROGRAM

The field investigation and analytical program was designed to
determine if potential public health risks and environmental
impacts still exist at the Ambler Asbestos Piles site and if
additional remedial action is needed. This determination will be
based on the Endangerment Assessment presented in Section 6.0.
In order to complete the Endangerment Assessment the following
Remedial Investigation/Feasibility study objectives were
identified:

o Locate immediate and/or potential future sources of
asbestos release by identified pathways of migration
(surface water, air) which can reach sensitive
receptors resulting in public health risks and
environmental impacts. This includes analysis of
whether exposed asbestos could produce unacceptable
risks .to persons on-site by direct contact (either via
authorized or unauthorized site entry) .

o Identify contaminants others than asbestos that may
pose an immediate or potential risk to public health
and/or the environment.

o Determine whether the site is securely closed as a
result of the previous "Removal Actions" (i.e., no
pathways for asbestos or other contaminant release are
found in quantity or concentration that pose a risk to
human health or the environment) .

Previous field investigations and studies have addressed the
first objective, however, they were conducted prior to the 1984
Removal Action, This field investigation and analytical program
was designed to address the objectives with regard to
post-Removal Action site conditions. The investigation focused
on addressing the following data gaps, in order to -̂ cet the RI/FS
objectives:

o The extent of the piles and especially the extent of
asbestos containing materials within and up to 100 feet
from the identified waste piles and lagoon area has not
been clearly identified.

AR300233
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o An assessment of the condition, thickness, and
long-term life of the cover materials over the two
identified asbestos and process waste piles has not
been made.

o No data on the physical/structural characteristics
(shear strength, moisture content, consolidation
properties) and material distribution of the piles has
been obtained.

o An evaluation of the present and future slope stability
and potential settlement of the waste piles, as well as
other on-site physical features that would affect
contaminant migration, containment, and/or cleanup has
not been performed,

o The presence of asbestos in the sediments and surface
waters at and adjacent to the site after the Removal
Action has not been investigated.

o The present and potential impacts on the adjacent
Hissahickon Creek has not been documented.

o The level of asbestos in the ambient air up and down
gradient of the site after the Removal Action has not
been investigated. Information on background levels of
asbestos in ambient air in Ambler and the surrounding
area has not been documented.

o The presence of contaminants other than asbestos at
concentrations which pose a risk to human health and/or
the environment has not been investigated.

These data gaps were organized into task objectives from which
the phased field investigation was developed. Table 4-1 presents
an outline of the phased Field Investigation Program. The task
objectives listed in Table 4-1 relate to the tasks under each
phase. ,

A phased approach was utilized to identify potential areas
requiring further investigation and testing at an early'stage.
Phase I was performed in three subphases; site survey,
non-intrusive sampling and intrusive sampling. Greater safety
measures were employed during the intrusive sampling. Air
•onitoring was performed throughout the survey and sampling

4-2
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programs. An additional phase (Phase 2) was to be performed if
contaminants of concern other than asbestos were found at
concentrations that,pose a potential health and/or environmental
risk. A Phase 2 program was not implemented based on the
analytical results from waste sampling at the Locust Street and
Plant Piles (see Section 5.0)

4.1 SITE MOBILIZATION

A mobile field office was transported on-site and stationed near
the unpaved access road leading to the Locust Street Pile, as
shown on Figure 4-1. Another trailer was stationed next to the
mobile office for field equipment storage purposes. These
facilities were located in the Contamination Reduction Zone.
These activities occurred on December 15, 1986.

On March 2, 1987, a geotextile and gravel decontamination pad and """,vx
the initial gravel access roads were constructed by Hardin Huber
Inc., subcontractors to REM II. The decontamination pad was
constructed adjacent to the unpaved access road leading to the
Locust street pile to allow ease of access for the drill rig,
backhoe and other equipment used for the field investigation.
The decontamination pad was constructed by first excavating a 30'
x 18' area to a depth of 1.0 to 1.5 feet and backfilling the area
with clean fine to coarse gravel. The excavated soil was used to
construct berms on the sides of the pad to control surface
drainage. The gravel was then covered with a nonwoven
needlepunched geotextile fabric to filter the decontamination
washwater. The decontamination pad is graded to drain to the
adjacent drainage swale after filtering. The fabric was changed
twice during the field investigation. The used fabric was placed
in sealed drums and transported off-site for proper disposal by a
subcontracted waste hauler (Eldridge, Inc.).
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I Access roads were constructed on the Plant Pile and the Locust
Street Pile to provide access for the drill rig to perform
borings at the top of the piles. The access road also minimized
rutting and damage to cover soil on the piles, and minimized
dust due to movement of the drill rig and support vehicles. The
location of these access roads as initially constructed are shown
on Figure 4-1. During the field investigation, it was found
necessary to construct additional access roads due to soft
surface conditions on the piles in order to access designated
drilling and test pit locations. After discussion with and
approval by EPA, these additional access roads were constructed
by Hardin Huber, Inc. on April 13, 1987 (also as indicated on
Fig. 4-1).

A health and safety orientation was given by the designated
WESTON Site Health and Safety Coordinator to all subcontractor

•'\ and HESTON personnel entering the site. A log was maintained of
personnel entering and leaving the site and of all safety
orientations conducted.

The hazards of asbestos and the use of personnel protective
equipment was explained at the orientations. The use of powered
air purifying respirators, personnel air sampling pumps,
decontamination procedures, and physical hazards (steepslopes,
ice, and heavy equipment) were explained.

4.2 PHASE 1A

The first subphase of the field investigation consisted of a
thorough survey of the site, environmental air sampling, and
identifying the extent of the piles. The purpose of the survey
was to identify (by visual inspection and hand-augering) areas on
and around the waste piles and filter bed lagoons that are

O
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'••• potential (existing or future) sources of asbestos release.
Identification of these areas helped determine final sample
locations for Phases IB & 1C of the field investigations.

4.2.1 SITE SURVEYS

Detailed site surveys were conducted between March 2 and 13,
1987, to evaluate and document site conditions. The following
giurveys were conducted and documented.

o visual inspection for the presence of potential sources
that could release asbestos (exposed areas of asbestos
and contaminated soil/waste in and around the waste

. piles);
o Visual inspection of the cover/cap system for signs of

j erosion, failure, variation in cover material, etc.
o Visual inspection of the lagoon area, stream and

"̂  drainageways for possible contamination, spills, waste
•J discharges, characterization of sediments, and water,

etc.

o Hand augering around the piles to determine the
thickness of the cover, and the presence of waste in
the former playground area and at the toes of the pile

; sideslopes.
o Tentative locations for detailed sampling activities

during Phase IB and 1C were chosen and staked.
o Tentative locations for borings and test pits

(intrusive activities) in Phase 1C were chosen and
staked.

The observations from the site survey are noted in Figures 4-2
and 4-3. Figure 4-2 presents the important features of the
Locust St. Pile, These features are summarized below:

iii
o Over 60% of the side slopes are covered with 6-8 inches

of compacted silty soil stabilized with jute-netting
, and well vegetated with crown vetch. The remaining

40% of the sideslopes are uncovered but generally well
_J vegetated. It is suspected that these areas were left

uncovered due to the presence of large and closely
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spaced trees in these areas. The trees were left in
place to provide stability of the slope and to reduce
potential air releases of asbestos during the Removal
Action" if the existing trees were removed.
Construction equipment could not access these areas and
therefore no cover soil was placed in these areas. The
compacted cover installed during the "Removal Action",
was observed to be in good condition, However,
isolated areas showing erosion damage and evidence of
cracking of the cover at the top of the slope along the
southwest side of the pile was observed. No evidence
of major cover or slope failure was, however, observed.

o The highest and largest plateau area on the Locust St.
Pile is not covered. The area is, however, well
vegetated with poplar and sycamore trees and tall
grasses that have created a thin mulch layer over the
underlying gray fibrous material.

o The small slope that extends from the large plateau
area to the 25 ft. wide bench around the plateau is

i uncovered although grasses and small trees have taken
root in the waste material. Gray fibrous material,
white magnesium/calcium carbonate, and cinders were

j "") observed at the surface along this slope. Extensive
"-" burrowing by groundhogs and other animals has brought

up gray fibrous material and white magnesium/calcium
carbonate to the surface in many areas of this slope as
well as other areas of the Locust St. and Plant Piles.

o The smaller plateau area located north of the larger
plateau is covered with a 4-6 in. silty soil cover that
is predominantly vegetated with various types of
grasses and/or weeds. Below the cover were gray
fibrous material, cinders and white spent magnesium
carbonate.

o The southwestern side of the Locust St. Pile that
borders Hissahickon Creek, is well vegetated with small
to medium size trees along the lower portion of the
slope and with crown vetch along the upper portion of
the slope. Most of the slope is covered with a 6-8 in.
silty soil cover that is stabilized with a plastic
mesh (ENKAMAT). However, there are some areas along
the lower portion of the slope (where the trees are
large and close together), that do not have soil cover.
In these areas, exposed cinders, slag, and magnesium/
calcium carbonate were observed. During the 1984
Removal Action, stone rip-rap was placed by the EPA-ERT
along the toe of the southwestern slope to protect it

<^J against scouring by Hissahickon creek. No evidence of
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T - significant scouring was observed along the south-
western slope of the pile. The sandstone/shale bedrock
that underlies the site outcrops along the toe of the
southwestern slope along the creek. White seeps,
possibly calcium carbonate from the Locust Street Pile,
were observed on several occasions where the bedrock
outcrops at the creek. A white film was, however,
observed on rocks in the creek upstream of the site
indicating other potential sources.

o Along the southern and southeastern side of the Locust
St. Pile, areas totalling approximately 50,000 sq. ft.
are uncovered although well vegetated with small to
large (greater than 12 in. in diameter) trees,
predominantly poplar, sycamore, and allanthus. The
material left exposed in these areas is asbestos
shingles, millboard, asbestos-cement piping, metallic ,
containers, 55 gallon drums (rusted-through and
containing no liquids) , slag, and cinders. Weathering
of the exposed asbestos shingles was observed, The
drums which could be accessed and inspected appeared to
be empty.

o The perimeter fence along Locust St. consists of an 8
,~ ft. high chain link fence that is in good condition.
,J No trespassing signs are posted. This fence extends to

Chestnut St. along the top of the pile and along the
toe of the pile that parallels Bugler Pike. The fence
that runs along the southern side of the pile is a 4
ft. high wide-grid wire fence that has been completely
pushed down in some sections. "No Trespassing -
Asbestos" signs are posted on this fence. Evidence of
trespassing onto the site by the public was observed
throughout the field investigation. Although no one
was observed on the site during the field investiga-
tion, evidence of sledding, golfing, and trapping were
identified.

o Hand-augering around the perimeter of the Locust St.
Pile revealed that the toe of the pile defines the
extent of the waste material around most of the pile
(only the locations of the hand auger holes in the
former playground area are shown on Figure 4-2. Hand
auger holes not shown were located throughout the site
to define the characteristics outlined on Figure 4-2).
A small area (see Figure 4-2) containing cinders and
gray fibrous material extends beyond the toe of the
slope into the sanitary sewer right-of-way for Lower
Gwynedd Township along the southern side of the pile.
Hand-augering in the area between the toe of the pile

, and Locust St. (former playground area) indicated that
^ no visible fibrous material or asbestos products were

preiient at or below the surface in this area. However,
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cinders, slag and snail clumps of white magnesium/cal-
cium carbonate were encountered 4-12 in. below the
surface. Directly northeast of the former playground
on the pile slope are the remnants of a former inciner-
ator/furnace. coal fragments and slag were found in
this area,

o The outlet to an 18 inch diameter storm sewer line that
runs under the Locust St. Pile is located on the
southern toe of the pile. The storm sewer receives
runoff from the neighborhood north of the Locust St.
Pile. Significant discharge was observed following a
storm event. A white milky substance was also observed
in the discharge. It is suspected that this discharge
originates from seepage of calcium/magnesium carbonate
from the Locust street Pile into the 18 inch storm
sewer. The discharge from the 18 inch diameter storm
sewer flows overland to the drainageway created by the
discharge from the filter bed lagoons and a large
approximately 5' x 5' stone underground culvert that
emerges west of the lagoon discharge. The origin of
the box culvert has not been identified. The
drainageway from the filter bed lagoons flows into
Hissahickon Creek just upstream of the Ambler Waste
Water Treatment Plant located on the south end of ":
Church Street. ^

Figure 4-3 presents the important features of the Plant Pile.
These features are summarized below:

o The side slopes of the Plant Pile are covered with 6-15
inches of silty soil that is well vegetated with crown
vetch. Sloughing (failure) of the cover was observed
in several areas on the side slopes (see Figure 4-3) .
Erosion damage of the cover was also observed along the
southwestern side of the Plant Pile. These areas
constitute less than 10% of the total area of the side
slopes.

o A small shallow slope failure was observed on the
eastern comer of the Plant pile. Failure occurred
below the cover material in the hardened (dried out)
calcium carbonate material and the cinder layer. The
block of waste material that had spelled off the slope
is approximately 10' x 15'. No other evidence of slope
failure within the fill material was observed on the
Plant Pile.
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"p o The plateau area of the Plant Pile is uncovered.
Extensive tree growth has occurred on the plateau area.
However, nearly 50% of this area is lightly or sparsely
vegetated. A very moist black fine grained material
and a gray fibrous material are exposed at the surface
in several areas. This material is found just
underneath the thin mulch and covers the remaining
areas of the top of the Plant Pile. The exposed
fibrous material is moist most of the year except
during dry periods in the summer.

o Gray fibrous material as well as strips of asbestos
sheeting were observed around the filter bed lagoons.
Pumice rock, that had been used as filter material
between the filter bed lagoons, was stockpiled at the
base of the Plant Pile. Extensive algae growth occurs
in the lagoons during the summer months. Algae is
sometimes removed from the lagoons and piled by the
filter dams or on the side of the lagoons.

o Precipitation that falls on the top of the Plant Pile
drains toward the southern end of the plateau area.
Precipitation is, however, contained to within this
area by the perimeter road that encircles the plateau
area and is built at a higher elevation.

o The fence along the southern side of the pile that
borders the sanitary sewer right-of-way for Lower
Gywnedd Township, is knocked down at several locations.

o During the field investigation, several red fox, deer,
and pheasant were observed on top of both the Plant and
Locust St. Piles. Canadian geese, mallard and wood
ducks were observed nesting near the lagoons during the
spring months.

The above characterization of the Locust St. and Plant St. Piles,
developed from the site survey, was the basis for identifying
potential sources of asbestos release and the pathways to which a
release could reach a potential receptor. These potential
sources and pathways are identified in Table 4-2. Table 4-2 also
identifies the sampling and analysis program performed during the.
field investigation which is used to better define the risk
associated with each potential source for use in the Endangerment
Assessment.

J
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TABLE 4-2
IDENTIFICATION OF POTENTIAL SOURCES AND PATHWAYS

OF ASBESTOS RELEASE

RI SAMPLING PROGRAM
POTENTIAL SOURCE PATHWAY TO RECEPTOR TO DEFINE RISK

n

o Exposed areas of the o Air o Air sampling on the
Locust St. and Plant piles and up and
Piles downgradient of the

piles
o Runoff from the o Surface water
Piles into sampling from
Wissahickon Creek Wissahickon Creek

up and downgradient
of the piles and at
the discharge of a
storm sewer at the
toe of the southern
side of the Locust
Street Pile

o Future exposure of o Air/runoff o Waste and cover soil
asbestos material as sampling of the
a result of cover or piles to determine
slope failure pile composition and

physical characteris-
tics in order to
model short and long
term stability

o Fibrous sediments o Surface water o Surface water and
identified in the discharge flows into sediment samples in
filter bed lagoons Wissahickon the lagoons, the

Creek-intake for drainageway and
drinking water 12 Wissahickon Creek
miles downstream

VJ
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The most significant current potential sources of asbestos
release via wind into ambient air, are the exposed areas of the
Locust St. and Plant Piles. The large plateau areas of both
piles are uncovered and fibrous material is present at the
surface. However, extensive tree growth has been established on
both plateau areas and the exposed fibrous material remains moist
throughout most of the year. Large areas totalling approximately
50,000 sq, ft. of exposed asbestos shingles millboard and other
out-of-spec asbestos products on the sideslopes of the Locust St.
Pile also present a potential source of airborne releases of
asbestos fibers. However, these areas are also well vegetated
with small to large trees which may act to reduce wind velocity
at the surface and reduce the release of asbestos fibers during
the drier summer months. Frequent rains during the spring and
fall and snow cover during the winter help to maintain a higher
moisture content in the asbestos waste and further reduce the
potential for airborne releases during those seasons. The air
sampling program for the RI was designed to investigate the risk

, associated with these exposed areas by taking air samples during
I the winter, spring and late summer, directly on or downgradient

of the exposed areas and up and downgradient of the piles at
j potential receptor locations.

; A potential future source of asbestos release via wind into the
ambient air is the exposure of other portions of the piles due to

; cover or slope failure. Erosion has damaged areas of the cover
on the Locust St. Pile, however evidence of significant (more
than 5% of the cover) cover failure was not observed. Cracks
along the top of the slope on two sides of the Locust St. Pile
were observed, but no evidence of slope failure was identified.
Isolated failure of the cover and a small shallow slope failure
was observed on the Plant Pile, exposing cinders and calcium
carbonate. In order to better assess the long-term risks of

O
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migration from the piles, the composition of the piles and the ' '
physical properties of the pile materials were investigated
during the RI.

The primary source of asbestos release via surface water is the
filter bed lagoons. The series of filter bed lagoons is divided
into four separate lagoons by cement spillways that are covered
with several feet of pumice rock that acts as a filter for the
water discharging from one lagoon to the next. The furthest
upgradient lagoon was observed to contain gray fibrous sediments
just below the surface. The sediment in the downgradient lagoons
was not visible during the field survey because of both the
turbidity of the water and the depth of these lagoons (over 10
feet deep). The lagoons discharge to a drainageway that flows
into Wissahickon Creek. Surface water and sediment samples were
collected from the lagoons, and in the drainageway downgradient
of the lagoons during the field investigation. ~y

Another potential source of asbestos release into Wissahickon
Creek is via runoff from the piles. The slope of the Locust St.
Pile that borders Wissahickon Creek does not appear to be a
current source. The top of the slope is covered and well :
vegetated with crown vetch and the bottom of the slope is
vegetated with small to large trees. The uncovered areas at the |
base of the slope consist of cinders, slag and fragments of
magnesium/calcium carbonate. In addition, no significant
scouring was obnerved along the toe of the slope due to
stabilization of the slope with rip-rap and well rooted trees.
Bedrock also outcrops along most of the toe of the slope.
The large exposed plateau on top of the Locust St. Pile drains
away from the creek and runoff from this area is directed down
the bench that surrounds the plateau area further controlling
scouring along the toe. The bench contains stone check dams that
collect sediment before it reaches the smaller plateau area north

AR3002l,8
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O of the large plateau. Runoff from the smaller plateau is
directed away from the creek. Runoff from all other areas of
both piles must trayel significant distances over well vegetated
ground before draining into the filter bed lagoons or into
Wissahickon Creek.

The discharge to a storm sewer, that receives storm water runoff
from the neighborhood north of the Locust St. Pile, is located
directly below the large area where asbestos shingles and other
asbestos products are exposed on the slope. During heavy rains
runoff from the exposed area could carry asbestos into the
drainage ditch that also carries the discharge of the storm
sewer. Runoff would then flow in the drainage ditch to the
drainageway below the discharge of the filter bed lagoons and
eventually to Wissahickon Creek. Surface water samples from the
storm sewer discharge point and in Wissahickon Creek upgradient
and downgradient of the Locust St. Pile, were taken during the

O RI.

The Pipe Plant Dump (Certainteed Pile), located adjacent to and
southeast of the Plant Pile, is covered with a soil cover of
unknown thickness which is well vegetated. However, exposed
asbestos piping was observed along the south sideslope of the
Pipe Plant Dump, Heavy tree and shrub growth was also observed
along the southern sideslope. The presence of this heavy
vegetation may have hindered soil cover placement along this
slope resulting in exposed areas of asbestos piping. Ponded
surface water was also observed during the spring months on the
top plateau area of the pile. Minor scouring was observed along
the tributary (Stuart Farm Creek) the flows past the pile, but no
exposed waste material was observed. The U.S. EPA FIT Team (see
Section 3.0) collected surface water samples from Stuart Farm
Creek in May, 1987. The analytical results are presented in
Section 3.0. Additional surface water sampling and waste

4-17
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sampling are to be performed by the Principal Responsible Party
(PRP), i.e., Certainteed Corp. under an agreement with the U.S.
EPA, The analytical results of this sampling by the PRP will be
included as an addendum to this RI/FS when they become available.

4,2.2 POTENTIAL OFF-SITE SOURCES OF ASBESTOS

Although the scope of this RI/FS is limited to the Locust St.
Pile, Plant Pile, Certainteed Pile and the filter bed lagoons,
the potential sources of asbestos that may be released into area
surface waters and ambient air is not limited to the four subject
areas of this RI/FS. In terms of volume, however, they
constitute the largest potential sources. Several of these other
potential sources within a mile radius of the site were
identified in order that background levels could be better
assessed. Figure 4-4 presents the potential off-site sources of
asbestos identified during the site survey. While unidentified
off-site potential sources may exist, it is not within the scope
of this RI/FS to perform a detailed investigation of off-site
sources. A brief description of these potential off-site sources
of asbestos identified during the site survey is presented below:

o The Nicolet Plant - The plant currently occupied by
Nicolet has been the site of asbestos manufacturing for
over a half a century. Observed recently were old
millboard presses with fibrous residue still present on
them, deteriorating insulation around outside boilers
and piping, and open warehouses used as storage of
containerized asbestos waste. These could, along with
ongoing asbestos product manufacturing, contribute to
low levels of asbestos fibers in the ambient air around
the plant.

o Mania St. Piles- The two Maple Street Piles are located
southwest of Maple Street on the east and west side of
the reservoir. The 1950 aerial photograph (Figure 1-8)
of the piles indicates that the pile to the east of the
reservoir received primarily a slurry of spent
magnesium/calcium carbonate similar to the Plant Pile
and portions of the Locust Street Pile. The berms to
contain the calcium carbonate and areas around the pile

4-18
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may have been constructed of asbestos shingles and
soil. The Keasbey and Mattison Co. produced asbestos
shingles in a facility on Maple Street just north of
the reservoir. The pile to the west appears to be
composed of out-of-spec products and other solid wastes
like the southeastern portion of the Locust Street Pile
and Pipe Plant Dump. An exposed area of approximately
10'x 15' was observed on the east pile. A tributary
(Tannery Run) flows along the east side of the east
pile, scouring along the bank of the tributary has
exposed asbestos millboard and shingles. The west pile
is also covered and vegetated with grass (area was a
former ballfield) . The only exposed areas observed were
along the bank of Hissahickon Creek and along the bank
of the stream (Rose Valley Creek) that flows between
the Pile and the reservoir. Asbestos piping is exposed
along the bank of Wissahickon Creek, while asbestos
shingles and gray fibrous material are exposed along
the banks of the stream. PA DER maintains and monitors
both piles. Both piles were observed from Maple Street
and Wissahickon Creek. The REM II Team did not enter
these areas during the inspection.

o The barm around the reservoir was observed to be
constructed of asbestos shingles, millboard and soil.
Asbestos shingles are exposed along most of this barm.

The RI field investigation included ambient air station
monitoring downgradient of these potential off-site sources to
obtain information on background conditions. Upgradient surface
water samples were collected at several locations, including both
tributaries that flow past the Maple St. Piles, to provide
information on conditions upstream of the Locust St. and Plant
Piles.

The remaining subsections summarize the sampling activities of
the field investigation. The site survey information presented
above and past data presented in Section 3.0 provided the basis
for selecting the number and location of samples. Results of
sample analysis are presented in Section 5.0

4-20
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' 4.2.3 RI AIR SAMPLING PROGRAM

The air sampling program performed at the Ambler Asbestos Pile
site used very recently developed techniques for asbestos air
sampling and analysis. The air sampling program was divided into
components to achieve specific RI/FS objectives, as follow:'

o Environmental Air Sampling- The purpose of this
sampling was to document on-site ambient air conditions
before, during, and after intrusive field activities.
Samples included four on-site sample locations, with
both up and downwind conditions being represented.

o Source/Receptor Air Sampling- The purpose of this
extensive sampling program was to determine the ambient
air conditions up and downwind of potential on-site
sources (exposed areas) and at possible off-site
receptors (residences). Up to 24 source/receptor

1 sampling stations were included in this program.
^ o Personnel Air Sampling- Personnel air sampling was
1} performed during soil boring and test pit activity.

Personnel air sampling is required by OSHA for these
activities.

The first of two rounds of Environmental Air Sampling was
performed during Phase 1A on 29 December 1986. Four sampling
locations were established, based on weather conditions on the
day of sampling. Sample locations included one off-site upwind
station, two on-site stations on the Locust street Pile and one
on the Plant Pile. Sample station locations are shown on Figure
4-5. Air samples were taken using high volume air pumps and
collected on 25 mm mixed cellulose ester filters in nonconductive
cassettes. Flow rates were measured during sampling and the
pumps calibrated before and during sampling. Pumps ran for an
average of 4 hours. Temperature, wind speed and direction were
monitored during air sampling. Both a field and trip blank were
taken. All samples were sent to a CLP-SAS laboratory for
asbestos analysis using Transmission Electron Microscopy (TEM)

. with SAED and EDS confirmation.
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) The first of three rounds of Source/Receptor air sampling was
completed during Phase 1A on 9 January 1987. A total of seven
(7) on-site source and fourteen (14) receptor air sampling
stations were established and samples taken using high volume
pumps. Air samples were collected on 25 mm mixed cellulose ester
filters in nonconductive cassettes. Figure 4-6 presents the
sampling locations used for source/receptor air sampling during
Phase 1A. Source locations were determined based on the site
survey. Areas of the piles where asbestos-containing soil/wastes
were exposed, and the filter bed lagoons, were chosen for source
air sampling. Receptor locations were identified the day of
sampling based on wind speed and direction, likely air
particulate transport and dispersion patterns, and the locations
of residences and local businesses. Off-site upwind receptor air
samples were also taken to establish background levels.

Calibrated pumps ran for an average of 4 hours, Flow rates were
'O measured during air sampling and the pumps calibrated before and

during the air sampling. Temperature, wind speed, and direction
were monitored by an on-site meteorological station located on
top of the Plant Pile, Two field blanks and one trip blank were
taken as well as two duplicates. All samples were sent to a
CLP-SAS laboratory for asbestos analysis using TEM with SAED
confirmation (Yamate Method) on 27 March 1987.

4.3 PHASE IB

Phase IB of the RI field investigation involved non-intrusive
' sampling activities (sampling that does not involve the

disturbance of asbestos containing materials). The sample
locations ware selected based on the previous sampling by the
Emergency Response and FIT teams prior to the covering of the
piles (Removal Action). In this phase, surface water (stream,

o
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O drainage way, lagoon, and storm sewer discharge), and cover soil
samples were collected, The Phase IB activities were performed
during the months of January through April, 1987.

4.3.1 SURFACE WATER SAMPLING

Surface water samples were collected from the filter bed lagoons,
the drainageway from the lagoons, the discharge to the storm
sewer on the Locust street Pile, ponded water around the piles,
and Wissahickon Creek. Sample locations, dates sampled, and

: analyses performed on the samples are presented on Figure 4-7.
The number of samples taken and the analyses performed on each
sample are summarized on Table 4-3.

Surface water samples to be analyzed for Hazardous Substance Lint
' , (HSL) organics and inorganics were collected on January 15, 1987.

Note: Under the Contract Laboratory Program (CLP), the term for
-' organic compounds (HSL organics) is Target Compound List (TCL)

and the term for metals (HSL metals) is Target Analyte List
(TAL). All references in this document to HSL organics or metals
(inorganics) also represent references to TCL and TAL, The
purpose of this sampling was to determine the following:

o Does the filter bed lagoon discharge contain other
contaminants, in addition to asbestos (NPDES Permit
covers only asbestos), and if so, is it impacting area
surface waters, primarily Wissahickon Creek,

o Is precipitation infiltration through the piles
impacting local surface water and shallow recharge
water,

Surface water samples were taken from the lagoons, lagoon
discharge and the drainageway from the lagoons to determine if
contaminants other than asbestos were present in the lagoon and

. drainageway, The filter bed lagoons are still being used by
Nicolet Inc. A strong organic odor was detected from the process

O plant next to the lagoons throughout the RI field activities.
I'
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I Ponded surface water around the piles was also sampled to
determine if seepage through the piles could impact local surface
waters. While no seeps were observed on the side slopes of the
piles during sampling, ponded water was observed and sampled at
the east corner toe of slope of the Plant Pile, south of the
Locust St. Pile and at the discharge to the storm sewer that runs
under the Locust St. Pile. pH levels of sampled surface water
were generally between 6 - 7.5. The discharge to the storm sewer
on the Locust St. Pile was found to have a pH between 10-11 and
contained a white chalky substance, believed to be calcium
carbonate that had seeped into the storm sewer pipe.

, On March 3, 1987, a boom was observed across the drainageway at
the discharge to the filter bed lagoons and the 5' x 5' concrete
storm sewer (see Figure 4-7). Behind the boom was a light gray
absorbant material that in combination with the boom was

-^ containing a brown stringy material that floated on the surface
and created an oil sheen on the water surface, samples
were taken from the lagoons, behind the boom, and downstream of

' the boom in the drainageway. Absorbant material was observed all
along the drainageway. An oil sheen was observed around the
absorbant material in the drainageway. HNu readings taken during
sampling remained at background levels. Due to the unknown

I nature of the material, the sample was shipped "High Hazard".
These surface water samples were analyzed for HSL organics only.
A sample of the brown stringy material was also taken and
analyzed for HSL organics. A sample of the gray fibrous
absorbent material was taken and analyzed for asbestos content.

Sampling of surface water for asbestos analysis was performed on
March 30, 1987. Due to the potential of both on and off-site
sources of asbestos, a greater number of samples were taken for
asbestos analysis than for HSL compounds. The purposes of this
sampling were to determine the following:

SR30026
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Oo What is the concentration of asbestos in the filter bed
lagoons, lagoon discharge, and drainageway, and to what
degree is the asbestos concentration diluted when
entering Wissahickon Creek? (The most recent pre-RI
sampling during the Designated Activities on October 2,
1986, found a concentration of 1.99 million fibers per
liter (MFL) in the lagoon discharge.)

o Does the discharge from the storm sewer line that runs
under the Locust St. Pile contain asbestos caused by
runoff from the exposed area of the pile upslope of the
discharge and/or seepage from the pile that has
infiltrated into the sewer pipe?

o Does scouring along the bank from the eastern side
slopes and/or seepage from the Locust St. Pile at the
waste/bedrock interface impact Wissahickon Creek along
the eastern side of the Locust St. Pile? (Exposed
areas along this side of the Pile are composed of
mostly cinders. No evidence of extensive scouring was
observed. A white milky'substance was observed seeping
out into the creek where the bedrock outcrops into the
stream.)

o Do the other potential on and off-site sources impact ~~~
Wissahickon Creek? (Scouring by the tributaries that v—
flow beside the East and West Maple Ave. Piles exposing
asbestos waste was observed during the site survey.
The NUS FIT III Team found asbestos concentration up
and downstream between 35-50 MFL in the tributary that
flows by the Certainteed Pile.)

Surface water samples for asbestos analysis were taken from the
lagoon, drainageway, storm sewer discharge, and at several
locations up and downstream of the Locust St. and Plant Pile in
Wissahickon Creek (see Figure 4-7). Flow in Wissahickon Creek
was seasonally high during the sampling event.

All surface water samples were collected directly into the sample J
bottles. As a result, no field blanks were necessary. Samples
were prepared and shipped according to the December 1986 Project |
Operation Plan (POP).

4-30
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M ' 4.3.2 COVER SOIL SAMPLING

Cover soil samples were taken from the soil cover installed on
the side slopes of the Locust St. and Plant Piles. Both
disturbed (grab) and undisturbed (Shelby tube) samples were taken
for the purpose of evaluating the physical properties of the
cover soil. The results of the physical testing of the cover
soil was used to assess the suitability of the soil as a cover
material and to project the long term integrity and stability of
the vegetated cover. The cover soil physical testing program and
results are discussed in Subsection 5.3 of this report. The
locations of the cover soil samples are presented on Figure 4-8.

, A summary of the physical testing performed on the cover soil
samples is provided in Table 4-4.

I
Cover soil samples were taken between April 13-15, 1987.

x-x Disturbed samples were collected using a shovel and pick.
~-^ Undisturbed samples were collected using 2 inch diameter Shelby

tubes driven into the cover soil with a wooden block and sledge
hammer. The cover material thickness on both piles varied from
6-15 inches. The soil was generally moist, well compacted, and
included a well developed root system where the crown vetch had
been well established. From visual inspection, the cover soil on
the Plant Pile was more silty and contained less clay than the
Locust St. Pile cover. All cover soil samples were shipped to a
subcontracted geotechnical laboratory (The Earth Technology
Corporation, Huntington Beach, CA) on April 17, 1987 for physical
testing.

4.4 PHASE 1C

Phase 1C of the RI field investigation involved intrusive
sampling activities (soil borings, piezometers, test pits, and
sediment sampling). The sample locations were selected based on

^ previous sampling programs, the site survey, and Phase IB
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sampling locations, one objective of Phase 1C was to better '
characterize the piles in terms of chemical composition and
physical properties. Soil borings, test pits and piezometers
were installed for this purpose, Sediment samples were taken
during Phase 1C to characterize potential sources and assess the
potential impacts to area surface water and sediments. Personnel
air monitoring was conducted during soil boring and test pit
construction in accordance with OSHA guidelines. Environmental
air sampling was also performed during test pit excavation to
assess potential impacts to ambient air during intrusive
activities. Phase 1C activities were initiated in March 1987 and
completed in early May 1987.

4.4.1 SEDIMENT SAMPLING

Sediment samples were collected from the filter bed lagoons, the
drainageway from the lagoons, the discharge to the storm sewer on /~\
the Locust street Pile, two tributaries that flow past the East
and West Maple St. Piles, and Wissahickon Creek. Sample
locations, dates samples were taken, and analysis performed on
the samples are presented in Figure 4-9. The number of samples
taken and the analysis performed on each sample is summarized in
Table 4-3.

Sediment samples to be analyzed for Hazardous Substance List
(HSL) organics and inorganics were taken on January 29, 1987.
The purposes of this sampling were to determine the following:

o Have contaminants other than asbestos been deposited in
the filter bed lagoons that are present at levels that
constitute potential environmental or public health
concern?

o If contaminants are found, how do they relate to
contaminants found in the surface water samples?
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O ° Are runoff and high flood waters transporting contam-
inants to sediments found in area surface waters
(namely Wissahickon Creek) through erosion/scouring of
the exposed areas of the piles?

The sediment samples taken were generally silty sands and sandy
gravel (bottom sediments), except for the sediment taken from the
lagoon, which was a fine grained black and gray material.
Wissahickon Creek is a fast moving stream whose substrate is
generally composed of large cobbles and sandy gravel, The
substrate of the drainageway consists of silty sands to gravelly
sands. The sediments samples from Wissahickon Creek and the
drainageway were taken in quiescent pools and bends in order to
collect finer grained substrate.

Sediment samples to be analyzed for asbestos by TEM (EPA Interim
i Method for Asbestos in Water) were taken on March 30, 1988.

Sediment samples were taken from the lagoon, drainageway,
.>-N discharge from the storm sewer on the Locust St. Pile,

Wissahickon Creek and the two tributaries that flow past the
Maple St. Piles (see Figure 4-9). Although the Maple St. Piles
are not included in the scope of the RI/FS, sediment samples were
taken in the tributaries that flow past these piles to assess
potential upstream sources of the asbestos. The first lagoon
sample was taken from the furthermost upstream filter bed lagoon.
The sediment in this lagoon was a fine grained gray fibrous
material. Discharge from Nicolet's current (1987) operation
enters directly via a pipeline into the Settling Basins or
bypasses the basins and flows directly into the second and third
filter bed lagoons via a concrete open channel that runs along
the southside of the lagoons. Water flows from the settling
basin over a concrete spillway to the furthest upstream lagoon.
The water then flows through a series of three filter dams that
consist of a concrete spillway covered with several feet of
pumice rock. A second lagoon sediment sample was taken in the
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1 i furthermost downstream lagoon. The sediment from this lagoon was
a fine grained black material. Sediment samples were taken along
the drainageway to assess the potential impact to sediment from
the lagoon discharge. A sediment sample was taken from the
drainage ditch below the storm sewer outlet on the Locust St.
Pile where fine grained white soft material was observed. This
material was believed to be calcium carbonate that had seeped
into the storm sewer line that passes through the Locust St.
Pile. Surface water from this drainage ditch eventually flows
into the drainagaway from the lagoons. Sediment samples were
taken from Hissahickon Creek above and below the point where the
drainageway from the lagoons enters wissahickon Creek, in order
to assess the potential impact to Wissahickon Creek of possible
sources upstream and along the drainageway. A sediment sample
was taken in Wissahickon Creek at the toe of the eastern side
slope of the Locust St. Pile to determine if erosion of the pile

i,-, from runoff and minor scouring by the creek was transporting
' -- asbestos to Wissahickon Creek.
i
' , Drainageway, stream and standing surface water sediment samples

were collected using new dedicated plastic trowels. Since the
< trowels were not cleaned and reused, no field blanks were taken.

A post-hole digger was used to collect lagoon sediments because
of the depth of the water (>10 ft. in the downstream lagoons).
The post-hole digger was decontaminated by first scrubbing it
with an alconox solution, then an acetone rinse, and finally with
a triple rinse of dionized water (DI). A field blank was taken
of the third rinse of DI water. Samples were prepared and
shipped according to the Project Operation Plan (December 18,
1986).

4.4.2 SOIL BORINGS/WASTE SAMPLING

The purpose of the soil borings was to obtain information
^ regarding the chemical and physical characteristics of the piles

4-37

M3GG269

H tht page filmed In thl4 {tame 14 not aA ntadabl.t .on Itgiblt at thit.
label, It 14 due to 4ub4tandatd 'colot ot condition o{ the otlglnal page.



Section: 4
Revision: 2
Date: August 1988
Page: 38

in order to evaluate the potential short and long term public ' '
health and environmental concerns posed by the piles. Past
studies, including the 1975 Montgomery County Redevelopment
Authority Report by the University City Science Center
(Subsection 3.4.3), 1977 Nicolet Waste Piles Cover/Vegetation
Study (Subsection 3.4.6), and 1983 ERT Pile surface Sampling
(3.4.7 and 3.4.8); have provided important data on tha
composition of the two piles. However, waste sampling to
determine the asbestos concentration distribution with depth, the
presence of other hazardous contaminants (besides asbestos), and
the physical properties of the wastes had not been previously
performed. This information was needed to assess the short and
long-term public health and environment concerns posed by the
piles.

A total of twelve (12) borings were drilled into the two waste
piles. Eight borings were drilled into the Locust St. Pile on /--,
the three plateau areas of the pile. Four borings were drilled ^
through the top of the Plant Pile. A greater number of borings
were drilled through the Locust St. Pile because of its larger i
size and variation in composition (See Subsection 1.2.1).
Borings wore advanced using 6 inch hollow-stem augers and 2 inch I
diameter split spoon samplers. The drilling was performed by
Bowser-Morner, Inc., a subcontractor to REM II, using a truck- j
mounted drill rig. The locations of the borings are presented
on .Figure 4-10. The borings were advanced to the depth of split I
spoon or auger refusal. In most cases, refusal was assumed to '
occur at the top of bedrock. The exceptions were B-10 and B-ll i
in which large pieces of metal or thick asbestos-cement millboard .1
were encountered which prevented further drilling. In B-10,
auger/spoon refusal occurred at 37 feet. In B-ll, auger refusal/
spoon refusal occurred at 17 feet and the boring was moved to a
new location identified as B11A.

4-38
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I ' Waste samples were taken from the two foot long split spoons and
from Shelby tubes. In most of the borings, split spoon samples
were taken continuously between 0 and 6 feet below the ground
surface, at the 10 foot depth, and thereafter at 5 foot intervals
(i.e., 15, 20, 25 feet etc.). Waste description (color, texture,
moisture content, density, etc), depth, Standard Penetration
Resistance*, and readings on an HNu photoionization detector
(detects the concentration of organic gases) were recorded on the
geotechnical engineer's logs. The boring logs are presented in
Appendix A. Cross sections of the piles based on boring logs are
presented in Subsection 5.2.

Each split spoon sample was photographed and then placed directly
into an appropriate sampling jar. outer gloves were changed
between split spoons. Split spoons were decontaminated with a
high pressure water spray, acetone rinse, and then a final water

x~v rinse. Shelby tubes were taken at selected depths between split
•̂  spoon sample intervals from each visually different waste stratum

which exhibited apparent cohesive characteristics and a standard
penetration resistance of less than 10 blows per foot which
indicated low strength characteristics that may effect the long
term stability of the piles, samples were selected for chemical
and physical analysis based on visual classification, sample
depth, and boring location. Representative samples from each
visibly different waste were selected for chemical analysis for
asbestos, HSL Organics, BNAs/Pesticides/PCBs, HSL Metals, and EP
toxicity. Representative samples were also selected for physical
testing that included grain size distribution, natural moisture
content, Plastic and Liquid Limits, shear strength parameters,
and consolidation characteristics, Table 4-3 provides a summary .
of the chemical analyses performed on the waste samples. A

• Ittndird Pmtritlon Indtaxt <N> Ii tin tutor of blom of • UO-pound hcmr filling i dlitenct of 30
Inchti raqulrid to drlvt a 2-Inch 0,0, impling ipoon i diittnct of 1 foot.
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O summary of the physical testing performed on the waste samples is
provided in Table 4-4. The samples were packaged and shipped in
accordance with the POP.

Prior to starting drilling operations at each boring location,
the drill rig, hollow-stem augers, and split spoons were taken to
the decontamination pad, and decontaminated with a pressurized
steam and water rinse. Field blanks were taken by collecting
dionized water that was poured through the decontaminated split
spoon. A sample of the water used for decontamination of the
drill rig, augers and split spoons was also taken. The source of
the decontamination water was from a fire hydrant located at the
corner of Locust and Center Streets. Following the completion of
a boring, the bore hole was grouted to the surface with a
cement/bentonite slurry. The excess waste obtained from the
borings was drummed and stored in a centrally located area near

_ the site trailer. Transport and off-site disposal of the drummed
'--' material by a subcontracted waste hauler (Eldredge, Inc.) was

performed in June, 1988.

4.4.3 TEST PIT SAMPLING

A total of four test pits were excavated during the RI field
investigation. Two pits each were excavated on the southern side
slopes of both the Locust St. and Plant Piles. The location of
the test pits is presented in Figure 4-10. The four test pits
were excavated by a subcontractor to the REM II Team (Hardin
Huber, Inc.) on April 13 and 14, 1987 using a backhoe. The
dimensions of the test pits were limited to approximately 4' x
10' and 8 feet deep to prevent potential weakening of the soil
cover and side slope. Test pits were included in the field
investigation to obtain additional information on the chemical
and physical characteristics of the piles, specifically the side

4-41
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slopes of the piles. The objectives of the test pit sampling
were the following:

o To inspect the composition of the side slopes in order
to better define the construction of the piles and to
determine the physical properties of the side slope
material in order to investigate the long term slope
stability of the piles. (Previous studies reported the
the Plant Pile and the northwestern portion of the
Locust St. Pile were constructed by first building
berms composed of cinders and slag and then depositing
the waste via a slurry into the bermed area. This
needed to be verified to model the piles for slope
stability analyses) .

o To determine if asbestos is present in the material
composing the side slopes and in what concentrations
(Previous studies indicated that both chyrsotile and
amosite asbestos fibers were present on the side slopes
at concentrations ranging from 1 to 30 percent. Most
of the side slopes are presently covered preventing
migration of asbestos fibers into the air. However,
long term erosion of the cover may expose larger areas
of the side slopes) . :'"'

*w'

o To determine if contaminants other than asbestos are
present in the side slope material at levels that
constitute potential public health and environmental
concerns.

Waste samples were taken at selected depths in the test pits from
each visually different stratum. Representative samples were
selected tor chemical analysis that included HSL organics and
inorganics, cyanide, EP toxicity, and Base/Neutral/Acids/
Pesticides/PCBs. Representative samples were also analyzed for
asbestos by Polarized Light Microscopy (PLM) . Samples were
directly placed in the appropriate sampling jars. Grab samples
from each stratum were taken and sent to a subcontracted
geotechnical laboratory for physical testing that included grain
size distribution, moisture content, and shear strength
parameters. Specialized direct-sheer testing procedures were
developed and utilized to test the shear strength along the
interface of the soil cap/waste pile. A summary of the chemical
testing performed on test pit samples is presented in Table 4-3. -̂'

AR30027lt
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O A summary of the physical testing is provided in Table 4-4.
Cover soil thickness, visual characterization of the underlying
waste, thickness of strata, and moisture characteristics were
recorded on test pit logs during excavation. Test pit logs are
presented in Appendix A.

Following the collection of the samples from the last uncovered
stratum of the test pit, the excavation was backfilled with the
material excavated from the test pit. The backfilled material
was also tamped as it was placed using the bucket of the backhoe.
The cover soil was then placed on top of the test pit and the
disturbed area was seeded.

4.4.4 PIEZOMETER INSTALLATION AND WATER LEVEL MONITORING

During the boring activities it was observed that the spent
calcium/magnesium carbonate waste that constitutes a large

•>J portion of the Plant Pile and the northwestern portion of the
Locust St. Pile had contained a very high moisture content. It
was suspected that the calcium/magnesium carbonate was saturated
at lower depths in the piles and that a perched water table or a
mounding of the shallow recharge water existed in the piles. The
presence of a static water level in the piles would have a
significant effect on the stability of the piles and therefore on
the stability analysis conducted for this RI. It was therefore
decided to install piezometers in the piles to monitor water
level. Three piezometers were installed on the Locust St. Pile
and two piezometers on the Plant Pile. Three additional
piezometers were installed at the base of the piles to monitor
the level of the shallow recharge waters in the sandstone/shale
bedrock. The location of the piezometers is presented in Figure
4-10.

Borings B-4, B-5, and B-11A were converted to piezometers after
O sampling was completed at spoon refusal (top of bedrock). The
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remaining piezometers were installed at new locations that would '
help to define a perched water table in the piles if one
existed. Additional waste samples were taken in the piezometers
from each visually different stratum and the screened depth.
Table 4-3 provides a summary of the chemical analysis performed
on piezometer samples. A summary of the physical testing
performed is provided in Table 4-4. The piezometers were
constructed using 4 inch ID schedule 40 PVC well casing and
ten-foot sections of 4-inch ID Schedule 40 PVC screen with
slotted openings (0.01 inch slot size), The screen filter pack
was pea gravel. A minimum one foot thickness of bentonite
pellets was placed in the annulus to provide a seal above the
screened interval, and the remainder of the annulus was filled
with a cement/bentonite slurry. The piezometer construction logs
are provided in Appendix A.

The piezometers were developed during the weeks of May 11-22, ,—
1987. Water levels were measured and recorded periodically until ^
October, 1987. After the development of the piezometers, water
levels in the deeper piezometers (P4, P6, and P7) remained at
depths below or just several feet above the screened depth.
Further discussion of recorded water levels in the piezometers
is presented in Subsection 5.2. Sampling of the standing water
in the piezometers was planned but most of the piezometers in the
piles did not contain enough water to sample. Sampling of the
piezometers at the toe of the piles was not performed pending a
review of the results of the analyses performed on the waste
samples. Sampling of the piezometers installed around the piles
was considered to be part of a second phase of the field
investigation that would be conducted if contaminants other than
asbestos were found in the waste at concentrations that
constitute concerns to the public health and environment of the
area. The second phase of the field investigation was not
implemented because other contaminants were not found at levels
of concern. ^
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4.4.5 AIR SAMPLING - ENVIRONMENTAL AND PERSONNEL

The objective of the environmental air sampling during Phase 1C
was to determine if there was an increase in the concentration of
asbestos in the ambient air around the piles as a result of the
Phase 1C intrusive sampling activity, Because of the high
moisture content of the waste, no visible dust was generated
during drilling and test pit activities, The drill rig and
sampling equipment was cleaned between borings using a high
pressure steam and water spray which also reduced the potential
for releases. Gravel and dirt access roads were used to access
borings and prevent disturbances of exposed waste by the drill
rig.

Environmental air samples were taken during Phase 1A prior to
intrusive activities and during the excavation of test pits on
the Locust St. Pile in order to document ambient air conditions
prior to and during intrusive activities. The second round of
environmental air sampling locations were located up and downwind
of the test pit activities, on the exposed area of the southern
side slope of the Locust St. Pile, and on the northwest
(downwind) corner of the Plant Pile. Figure 4-11 presents the
locations of the second round of environmental air samples. A
duplicate, field blank, and trip blank were also taken. Sampling
and analysis of the environmental air samples for Phase 1C were
performed in the same manner as the samples for Phase 1A.

Personnel air sampling was also conducted during Phase 1C in
accordance with the January 1987 OSHA Construction Standard for
Asbestos (29 CFR 1926.58). This standard requires that an 8-hour
daily air sample be taken for workers involved in activities that
may generate airborne asbestos. Personnel air samples were
obtained with Gillian personnel air pumps on 0.8 mm mixed
cellulose ester (millipore) filters. Air pumps were fastened to
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O the belt (belt was outside syranex safety suit) and the air
filter cassette taped to the shoulder of the driller and backhoe
operator. The pump was run during all drilling operations and
was shut off only during grouting of the bore-hole due to the
dust created by the dry cement used for the grout slurry. The
pumps were calibrated before and after daily sampling. The time
the pump operated and the calibrated pumping rates were recorded
in the field log. Personnel air samples were sent to a CLP-SAS
laboratory on March 26, 1987 and May 4, 1987. A total of
seventeen (17) personnel air samples including two field blanks
and two trip blanks were sent to be analyzed by Phase Contrast
Microscopy (PCM) using NIOSH Method 7400 as required by the OSHA
Standard,

4.5 POST PHASE 1C

,.-N Following the completion of all intrusive sampling activities a
—'' second and third round of Source/Receptor Air Sampling were

performed. The second round of Source/Receptor Air Sampling was
performed on April 21, 1987. seven (7) on-site source and
eighteen (18) receptor air samples were collected (including two
duplicates). On-site source air sampling locations were placed
either downwind or directly on exposed areas of the Locust St.
and Plant Piles. Both upwind and downwind receptor locations
read were selected based on the wind speed and direction from the
meteorological station positioned on the Plant Pile prior to
setting out the air sampling pumps. Sampling locations were also
selected near the Nicolet Plant and near the reservoir to
document potential upwind sources of asbestos, Sample locations
for the second round of Source/Receptor Air Sampling are
presented in Figure 4-12,

The final round of Source/Receptor Air Sampling was not scheduled
until the preliminary results of the first two rounds of

O source/Receptor Air Sampling were available and a period of dry
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weather was recorded for the Ambler area. The preliminary
results of the first and second round were used to better define
source locations and a strategy for receptor sampling locations.
The third round of Source/Receptor Air Sampling was conducted on
August 21, 1987. Sample locations are presented on Figure 4-12.
Dry weather conditions were important in obtaining air samples
during a potentially "worst case" condition. During much of the
fall, winter and spring seasons precipitation results in a high
moisture content in the exposed waste materials on the piles,
thus reducing potential air borne releases of asbestos. As the
material dries out during portions of the summer, the exposed
material becomes more friable and more easily released into the
ambient air by winds. The wind speed and vegetative cover are
also important factors in the potential release of asbestos from
the piles. During the summer months drier conditions are more
prevalent but are usually accompanied by lighter winds and more
extensive vegetative growth on the piles that reduce the
potential for a release. These factors and others are discussed
with the results of the air sampling in section 5.0.

The second and third rounds of Source/Receptor Air Sampling were
conducted using the same sampling procedures, samples were taken
using high volume air pumps collected on 25 mm polycarbonate air
filters in nonconductive cassettes. Polycarbonate air filters
were used because they are often used for asbestos abatement work
that required analysis by TEM. There has also been research
(Powers, 1986) on the occurrence of blank contamination with
polycarbonate fibers, To compare blank results with this
research, mixed cellulose ester filters were used in the first
round to compare with results for the polycarbonate filters used
in the second and third rounds. Five (5) trip blanks ware sent
with each round to document possible blank contamination.
Calibrated pumps at each sampling station ran for an average of 4
hours (3,000 liters). Flow rates were measured during air
sampling and the pumps calibrated before and during the air
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sampling. Temperature, wind speed, and direction were monitored O
during the sampling event. All samples were sent to a CLP-SAS
laboratory for asbestos analysis using TEM (Varnate Method).

The research concluded that although the polycarbonate air
filters are currently the moat widely used filters for asbestos
abatement work that requires TEM analysis, the polycarbonate
filters were sometimes found contaminated prior to use based on
analysis of blanks. Contamination of the filter was suspected of
occurring during the manufacturing process. A large number of
blanks was recommended to identify if the filters were
contaminated prior to use. The research found that the
polycarbonate filters were more likely to be contaminated prior
to use than the mixed cellulose ester filter (the manufacturing
process of the two filters is different).
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O 5.0 OCCURRENCE AND DISTRIBUTION OF ASBESTOS
AND CHEMICAL CONTAMINANTS

5.1 DATA AND RESULTS

5.1.1 GENERAL

The overall objectives of the Remedial Investigation of the
Ambler Asbestos Piles site were to provide sufficient
quantitative and qualitative information to determine if
potential public health risks and environmental impacts still
exist at the site and to determine if additional remedial action
is needed. The following section presents a summary of the
occurrence and distribution of asbestos and chemical contaminants
at the Ambler site that address the data gaps summarized at the
beginning of Section 4.0 and supports the Endangerment Assessment

.,_ presented in Section 6.0.

The analytical results presented in this section include only
validated data for samples collected and analyzed during this
Remedial Investigation. Data validation was performed by the REM
II team for organic, inorganic, EP tox, PLM and PCM asbestos
sampla analysis. A subcontracted laboratory (Shelburne Labs,
Inc.) performed the validation of the TEM air and water asbestos
analytical data using 1987 guidelines for asbestos (TEH) data
validation developed by REM II/EPA.

A summary of the analytical program completed under the phased
field investigation is presented in Table 5-1. The quantity of
samples analyzed shown on Table 5-1 does not include quality
control samples (duplicates, field blank, and trip blanks). All
media, air, pile material, sediment, and surface water were
analyzed for asbestos. The Locust Street Pile, Plant Pile and
filter bed lagoons were identified as potential sources of
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asbestos during the field survey. Air and surface water were ^ '
identified as potential pathways for asbestos to reach receptors.
The pile material was analyzed for HSL organics, metals, cyanide,
and EP toxicity metals to determine if the piles contained
contaminants other than asbestos at concentrations of concerns to
the public health or environment and to characterize the
compositional characteristics of the piles. Sediment and surface
water in the lagoons, drainageway, and in drainage ditches next
to the piles were analyzed for HSL organics, HSL metals, EP
toxicity metals (sediment only), and cyanide to assess if the
lagoons were a potential source of containments other than
asbestos and if the lagoons and/or piles were impacting local
sediment and surface waters via direct discharge (lagoons) or
surface water runoff and shallow groundwater (piles).

The EPA HSL consists of organic and inorganic compounds that are
routinely analyzed by the CLP. The organics include priority /->
pollutant compounds - volatile, Semivolatile (base/neutral and
acid extractable fraction), and pesticides/PCB's. The inorganics
include 25 trace and heavy metals, and cyanide. The EP toxicity
leachate was analyzed for the eight metals as specified in RCRA
regulations. A complete list of HSL compounds and EP toxicity
metals is provided on Table 5-2.

The following subsections present a summary of the validated
analytical results on a media-specific basis; separate tables are
provided for air monitoring, lagoon contents, surface water,
sediments, coil borings and test pits, Summaries are provided
for the following subdivisions of data:

o EP Toxicity Metals
o HSL Inorganics

HSL Metals
Cyanide
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f") TABLE 5-2

LIST OF HSL COMPOUNDS AND EP TOXICITY METALS

VOLATILE COMPOUNDS

Chloromethane Trans-1, 3-Dichloropropene
Bromonethane Trichloroethene
Vinyl Chloride Dibromochloromethane
Chloroethane 1,1, 2-Trichloroethane
Methylene Chloride Benzene
Acetone cis-1, 3-Dichloropropene
Carbon Disulfide 2-Chloroethylvinylether
1,1-Dichloroethane Bromoform
1 , l-Dichloroethene 4 -Methyl-2-Pentanone
Trans-1 , 2-Dichloroethene 2-Hexanone
Chloroform Tetrachloroothene
1, 2-Dichloroethane 1,1,2, 2-Tetrachloroethane
2-Butanone Toluene
1,1, 1-Trichloroethane Chlorobenzene
Carbon Tetrachloride Ethylbenzene
Vinyl Acetate Styrene
Bromodichloromethane ' Total Xylenes
1 , 2 -Dichloropropane

, """' BASE/HEUTRAL/ACID EXTRACTABLES

Phenol 3-Nitroaniline
bis (-2-Chloroethyl) Ether Acenaphthene
2-Chlorophenol 2 , 4-Dinitrophenol
1, 3-Dichlorobenzene 4-Nitrophenol
1 , 4-Dichlorobenzene Dibenzof uran
Benzyl Alcohol 2,4-Dinitrotoluene
1, 2-Dichlorobenzene 2 , 6-Dinitrotoluene
2-Methylphenol Diethylphthalate
bis (2-chloroisopropyl) Ether 4-Chlorophenyl-phenviether
4-Methylphenol Fluorene
N-Nitroso-Di-n-Propylamine 3-Nitroaniline
Hexachloroethane 4 , 6-Dinitro-2-Methylphenol
Nitrobenzene N-Nitrosodiphenylamine (1)
Isophorone 4-Bromophenyl-pnenylether
2-Nitrophenol Hexachlorobenzene
2 , 4 -Dimethy Iphenol Pentachlorophenol
Benzole Acid Phenanthrene
bis ( -2-Chloroethoxy ) Methane Anthracene
2 , 4-Dichlorophenol Di-n-Butylphthalate
1,2,4 -Trichlorobenzene Fluoranthene
Naphthalene Pyrene
4-chloroaniline Butylbenzylphthalate
Hexachlorobutadiene 3,3-Dichlorobenzidine

5-5
AR3

!{ the page filmed in thi4 {tame it not at teadable ot legible 04 thit
label, It iA due to tubttandand colon on condition o{ the otlglnal page.



Section: 5
Revision: 2
Date: August 1988
Page: 6

TABLE 5-2 (Continued)
LIST OF HSL COMPOUNDS AND EP TOXICITY METALS

BASE/NEUTRAL/ACID EXTRACTABLES (COHt.)

4-Chloro-3-Methylphenol Benzo(a)Anthracene
2-Methylnaphthalene bis(2-Ethylhexyl)Phthalate
Hexachlorocyclopentadiene Chrysene
2,4,6-Trichlorophenol Di-n-Octyl Phthalate
2,4,5-Trichlorophenol Benzo(b)Fluoranthene
2-Chloroaphthalene Benzo(k)Fluoranthene
2-Nitroaniline Benzo(a)Pyrene
Dimethyl Phthalate Indeno(l,2,3-cd)Pyrene
Acenaphthylene Dibenz(a-h)Anthracene

Benzo(g,h,i)Perylene
PESMCIPES/PCB'S

Alpha-BHC Endosulfan Sulfate
Beta-BHC 4,4-DDT
Delta-BHC Methoxychlor
Gamma-BHC (Lindane) Endrin Ketone
Heptachlor Chlordane
Aldrin Touphene
HeptachloroEpoxide Aroclor - 1016
Endosulfan I Aroclor - 1221
Dieldrin Aroclor
4,4-DDE Aroclor
Endrin Aroclor
Endosulfan II Aroclor
4,4-DDD Aroclor
HSL METALS AND CYANIDE

Aluminum Magnesium
Antimony Manganese
Arsenic Mercury
Barium Nickel
Beryllium Potassium
Cadmium Selenium
Calcium Silver
Chromium Sodium
Cobalt Thallium
Copper Vanadium
Iron Zinc
Lead Cyanide

1232
1242
1248
1254
1260

5-6

: If-the-poge'filmed In thit frame it not at neadable..on legible, at tkit-
label, it it due to AubAtandand colon on condition o{ the otlglnal page.



Section: 5
Revision: 2
Date: August 1988
Page: 7

O TABLE 5-2 (Continued)
LIST OF HSL COMPOUNDS AND EP TOXICITY METALS

EPJQXICITŶ METALS

Arsenic Lead
Barium Mercury
Cadmium Selenium
Chromium silver

o
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o HSL Organics
- Volatile Organic Compounds
- Semivolatile Compounds
- PCB's/Pesticides

o Asbestos

Data summary tables presented in the following subsections
include only those compounds that were detected. A complete data
summary is provided in Appendix B.

Prior to the presentation of the analytical results, a discussion
of the applicable or relevant and appropriate chemical
environmental and public health requirements (ARARs) used to
compare with the concentrations detected is provided in the
following subsection. The discussion of ARARs is presented in
two section, non-asbestos (HSL organics, HSL inorganics, EP
toxicity metals) ARARs and asbestos ARARs. /->

^
5.1.2 APPLICABLE OR RELEVANT AND APPROPRIATE ENVIRONMENTAL

AND PUBLIC HEALTH REQUIREMENTS (ARARs)

An ARAR, as titled, is an environmental law, regulation, or
guideline that is either "applicable" or "relevant and
appropriate" to a remedial action. "Applicable1* requirements are j
those cleanup standards, standards of control, and other
environmental protection requirements, criteria, or limitations |
promulgated under Federal or state laws that specifically address
chemicals/contaminants of concern, remedial actions, locations of i

°l
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P) remediation, or other circumstances at a CERCLA-regulated site.
"Relevant and appropriate" requirements are those which address
problems or situations sufficiently similar to those encountered
at a CERCLA-regulated site that their use is well suited to the
particular site.

ARARs are divided into the following categories:

o Chemical/contaminant-specific requirements - Health or
risk-bar.ed concentration limits or ranges in various
environmental media for specific hazardous substances,
pollutants, or chemicals/contaminants. These limits
may take the form of cleanup levels, discharge levels
and/or maximum intake levels (such as for drinking
water and breathing air for humans) .

o Action-specific requirements - Controls or restrictions
on particular types of remedial activities in related
areas such as hazardous waste management or waste-water
treatment.

:'~) o Location-specific requirements - Restrictions on
~- remedial activities that are based on the character-

istics of a site or its immediate environment. An
example would be restrictions on wetlands development.

This section describes the chemical/contaminant-specific ARARs
which are applicable to the Ambler Asbestos Piles Remedial
Investigation, since action- and location-specific ARARs address
the implementation of particular remedial action alternatives,
they will be discussed later in the Feasibility Study for this
site.

5.1.2.1 Summary of Non-Asbestos Related ARARa

The concentrations of HSL inorganics and organics detected in
surface water used as a drinking water source are typically
compared with the maximum contaminant levels (MCLs) developed
under the Federal Safe Drinking Water Act (SDWA) . If the MCLs
are not available, the available MCL goals (MCLGs) and Federal

O
5-9
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Ambient Water Quality Criteria are typically applied for O
Superfund remedial sites. An explanation of these standards and
criteria is presented below.

Federal Drinking Water Standards

National Interim Primary Drinking Water Standards established
under the Federal Safe Drinking Water Act (SDWA) are promulgated
as MCLa, which represent the maximum allowable levels of certain
contaminants in public water systems. They are generally based
on lifetime exposure to the contaminant for a 70-kg (154 pound)
adult who consumes 2 liters (0.53 gallon) of water per day.
Interim health-based MCLs have been established by EPA for those
organic and inorganic chemicals listed in Tables 5-3 and 5-4.

The SDWA provides the revisions to the interim primary drinking
water regulations are to be developed in two steps. First, EPA
establishes maximum contaminant level goals (MCLGs) and then sets
revised MCLs as close to the MCLGs as feasible.

MCLGs are nonenforceable health goals at which no known or
anticipated adverse effects on the health of persons occur,
allowing an adequate margin of safety. MCLGs only serve as goals
for EPA in the course of setting MCLs, and therefore, are initial
steps in the MCL rule-making process. MCLGs have no legal impact
on public water systems or the public, By promulgating MCLGs, no
system is forced to remove contaminants to this level or to take
other action regarding contaminants,

Under SARA, however, remedial actions must attain a level or
standard of control equivalent to the MCLGs where such goals are
"relevant and appropriate.* Under certain circumstances, a
waiver of the requirement to meet all ARARs, such as MCLGs, can
be attained and a less stringent alternate concentration level
(ACL) may be set and approved.

5-10
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O On November 13, 1985, EPA published final MCLGs for eight
volatile synthetic organic compounds. MCLGs for substances
considered to be probable human carcinogens were set at zero, and
MCLGs for other substances were set based on chronic toxicity or
other data. At the sane tine, EPA proposed MCLs and MCLGs for
several inorganic and synthetic organic chenicals.

It should be emphasized that primary or secondary standards and
HCLGs are established for public drinking water supplies and
should not be used as standards for general surface water
quality. The surface water at the Ambler Asbestos Piles site is
not used as a direct drinking water source although ingestion is
possible if recreational swimming occurs in Hissahickon Creek.
Nevertheless, MCLGs can be utilized as benchmarks or guidelines
to establish levels of concern for various contaminants in
•urface waters. For example, if surface water quality data near

* a source indicate a contaminant level in excess of an HCL or
— - MCLG, remedial measures should be evaluated to determine whether

the MCL or MCLG, can be consistently met at the drinking water
tap. A water intake for the city of Philadelphia is located 12
niles downstream where Hissahickon enters the Schuykill River.
The water is treated and tested before use as drinking water.

Ajnfrient Water Quality Criteria

Federal ambient water quality criteria documents have been
published for 65 pollutants listed as toxic under the Clean Hater
Act. These criteria are unenforceable guidelines that may be
used by states to set surface water quality standards. Although
these criteria were intended to represent a reasonable estimate
of pollutant concentrations consistent with the naintenance of
designated water uses, states nay appropriately modify these
values to reflect location conditions. Under SARA, however,

5-13
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remedial actions must attain a level or standard of control
equivalent to these criteria unless a waiver has been granted.

The water quality criteria are generally represented in
categories that are aligned with different surface water use
designations. Concentrations are specified which, if not
exceeded, should protect most aquatic life against acute toxicity
or chronic toxicity (24-hour average). For many chenical
conpounds, specific criteria have not been established because of
insufficient data. Tables 5-3 and 5-4 provide the most recent
criteria for constituents identified at the Ambler site.

A comparison was made of the concentrations of the non-asbestos
contaminants detected in the surface water samples with the
MCLs, MCLGs and Ambient Hater Quality Criteria presented in
Tables 5-3 and 5-4 to determine if a potential public health or
environmental concern exists. Concentrations of contaminants in
surface water lagoon samples and standing water at the toe of the
piles was compared to concentrations detected in surface water
samples from the drainageway that receives flow from the lagoons
and runoff from the piles. This comparison was performed to
assess the potential impact of the lagoon discharge and runoff
from the piles to off-site surface waters. The concentrations
detected in the drainageway were compared to the ARARs to assess
if Hissahickon Creek is impacted by the site and constitutes a
public health or environmental concern.

The non-asbestos contaminant concentrations detected in the piles
and filter bed lagoon sediment were compared to background
conditions as reported in the uses Publication 1270 (Schacklette,
1984) to provide a guidance in terms of contaminant level.
Erosion of exposed areas of the piles and scouring of the piles
along Hissahickon Creek constitute a potential migration pathway
to sedinent and surface water in Hissahickon Creek.

AR300297
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^ ' The Extraction Procedure (EP) Toxicity (40 CFR 261 Subpart C)
test provides an indication of the contaminant nobility and are
utilized to determine whether the pile waste are considered
hazardous wastes. Under this EP toxicity metals test, the
extraction from a representative sample of the waste is analyzed
for the eight metals listed in Table 5-5. The solid wastes are
classified as non-hazardous, in terms of EP toxicity metals, if
the contaminant concentrations are below the limits given in
Table 5-5. These limits are 100 times higher than the primary
drinking water standard. The EP toxicity criteria were used to
determine if the pile waste was non-hazardous in terms of EP
toxicity netals and to assess the potential inpact from
precipitation infiltration through the piles to shallow ground-
water underlying the piles and area surface waters.

-N.

.J

O

5.1.2.2 Summary of Asbestos-Related AMDs

While asbestos has been used in industry for a long tine, the
regulation of asbestos is a relatively recent development. Most
of the significant asbestos regulations wure promulgated in the
last 10 years, and additional regulations will probably be
introduced in the next few years.

The areas covered by the existing regulations and guidelines
include:

o Control of air emissions from industrial sources.
o Air concentration limits for workers during abatement

work and in schools.

5-15
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TABLE 5-5 Q

Maximum Concentration of Contaminants
for Characteristics of EP Toxicity

Maximum Concentration*
contaminant . (ng/1)

Arsenic 5.0
Barium loo.o
cadmium 1.0
Chromium .5.0
Lead 5.0
Mercury 0.2
Selenium 1.0
Silver ___ 5.0
* In leachate derived from EP Toxicity testing.

U

5-16 flR 3 r> n'/ Q Q
I {the page'filmed In thl4 {tame 14 not a4 teadablt_ot. legible, a4.«A4«
label, It 14 due to 4ub4tandatd colot ot condition o{ the otlglnal page.



Section; 5
Revision: 2
Date: August 1988
Page: 17

if") o OSHA rules on occupational exposure, including air
concentration limits for asbestos workers.

o A proposed asbestos concentration Unit for drinking
water.

o U.S. EPA enforcement approach to asbestos site cleanup,

A summary of the existing asbestos regulatory limits is presented
in Table 5-6.

The current regulations do not address either Units for asbestos
concentrations in ambient air or asbestos concentrations in
wastewater effluent. Most of the regulatory effort to date has
been focused on occupational exposures in industrial and
educational settings. The development of guidelines for the
general population has moved less 'rapidly due to the complexity
of sampling, analyzing and interpreting asbestos concentrations
in ambient air. The existing regulations and occupational health

"^ studies can however be used as a guideline in evaluating the
quality of ambient air and water at the Ambler site.

A brief discussion of applicable and relevant asbestos
regulations is presented in the following subsections.

5.1,2.2.1 40 CPR 61 - National Emission Standards for Hazardous
Air Pollutants fApril 5. 1984. corrected March 10.
19861

Section 112 of the Clean Air Act required that National Emission
standards for Hazardous Air Pollutants (NESHAP) be set for
hazardous air pollutants. The National Emission Standards for
asbestos (Subpart M of 40 CFR 61) include standards for'a variety
of asbestos manufacturing, construction, and disposal operations.
Of particular relevance to the Ambler site is Section 61.153,
"Standard for Inactive Haste Disposal Sites for Asbestos Mills

j
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TABIE 5-6 '•••'

SOU/KM OF ASBESTOS REGUIATOTOf LOOTS

Regulatory
Medium Regulation Agency Limit

Air 40 CFR 61 EPA No visible emissions to outside air.

40 CFR 763 EPA 2 fibers per cubic centimeter (f/cc) by
PCM (8-hr time weighted average) for
asbestos abatement worker exposure.
0.02 f/oc by TEM performance standard
for remediation in schools.

29 CFR 1910 OSHA 0.2 f/cc by PCM (8-hr tin weighted
and average) for industrial and
29 CFR 1926 construction worker exposure.

Rater 45 FR 79318 EPA Zero ocnoentration in surface water
for maximum protection of human health;
drinking water concentration of 30,000
fibers per liter indicated to result in
increased lifetime cancer risk of 10"6
(superseded by proposed MCLS below) .

40 CFR 141 EPA Proposed Maximal Concentration Level
Goal (HOC) of 7.1 million fibers per
liter (fibers > 10 urn) for drinking
water.

5"18 AR30030I
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and Manufacturing and Fabricating Operations." Each owner or
operation is required to comply with one of the following:

o Either discharge no visible emissions; or
o Cover the waste material with at least 6 inches of

compacted nonasbestos containing material, and grow and
maintain a cover of vegetation; or

o Cover the waste material with at least 2 feet of
compacted nonasbestos-containing material (no
vegetation required) ; or

o Apply a dust suppressant that binds the dust and
controls wind erosion.

The rule also includes requirements for fencing, posting of
warning signs, and long tern monitoring involving visual
inspection of the site for emissions.

5.1.2,2.2 40 CFR 763 — Asbestos Abatement Pro'1 act a f Subpart G.
April 25. 19861

Section F of the Toxic Substances Control Act (TSCA) provides EPA
with the authority to control the manufacturing, processing,
distribution, labeling, and disposal of chemical substances and
mixtures. The rules regulating asbestos under this act are
contained in 40 CFR 763. Subpart G of this rule, "Asbestos
Abatement Projects," describes the requirements to be followed
during asbestos abatement projects. The maximum 8-hour
time-weighted average airborne concentration for any worker
without protection in an abatement project is 2 f/cc (greater
than 5 urn in size) . The ceiling concentration is 10 f/cc
(greater than 5 urn in size). Samples are collected on an 8 urn
filter using a high volume air pump and measured by PCM.

Subpart E of this rule, "Asbestos-Containing Materials in
Schools" sets requirements for renedial action in schools. It
includes a standard for determining if further action is

5-19
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necessary after abatement, If the average concentration does not v.'
exceed the linit of quantification for the TEM, no further action
is required. The linit of quantification is defined as four
times the analytical sensitivity. The analytical sensitivity
is currently less than 0.005 f/cc of air. Thus, if the
concentration is below 0.02 f/cc, no further quantification is
required. Alternatively, if the average concentration is not
significantly different than the outside concentration, no
further action is required.

5.1.2.2.3 29 CFR 1910 and 29 CFR 1926 - Occupational Health and
Safety Act fOSHAl I Latest revision April 30. 19841

OSHA regulates asbestos exposure in the workplace. Occupational
exposure to asbestos in all industries except construction is
regulated by 29 CFR 1910. Construction industry exposure is
regulated by 29 CFR 1926. The two rules are essentially the ^
same. The rules address areas such as maximum exposure levels, ^
workplace cleanliness, respirator use, and employee health
monitoring. They set an 8 hour time weighted average Permissible
Exposure Limit (PEL) of 0.2 fibers per cubic centimeter of air as
determined by PCM. Only fibers longer than 5 urn and a
length-to-width ratio of 3:1 or greater are counted. If this
concentration is exceeded, engineering controls must be
implemented or work practices such as respiratory protection must
be 'used.

5.1.2.2.4 Relevant and Appropriate Ambient Air Guidelines

To date, no ambient air standards for asbestos have been
developed. Numerous ambient air studies have been conducted
which have established background asbestos concentrations. These
have been used to develop guidelines for identifying what
concentrations may constitute "elevated" asbestos concentrations

(J
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(Q at various geographic locations. One prominent study was
conducted by Dr. E.J. Chatfield for the Ontario Research
Foundation in May 1983 which summarized the literature findings
in this regard. Listed below are the recommended ambient air
guidelines for several areas in the United states, Canada, and
Europe based on the Chatfield study.

RECOMMENDED AMBIENT AIR GUIDELINES

State of Connecticut (proposed) - 30 ng/m3 or
- 30 day Average (electron microscopy) 30,000 total

asbestos
fibers/m3
(equates to 0.03
fibers/cc)

i
Province of Ontario -
- 24 hour Average (electron microscopy) 40 fibers/liter

i (>5 urn) (equates to 0.04
fibers/cc)

- 30 ninute Average (weight) 5 ug/m3
3 Province of British Columbia (optical) <0.04 fiber/cc

Heat Germany (proposed) (electron microscopy) 1 fiber/liter
i - (>5 urn) (equates to 0.001

fibers/cc)
Montreal Urban Community (optical) 0.05 fiber/cc
An additional ambient air guideline relating ambient air
concentrations measured by TEM to an equivalent optical fibre
concentration in fibers per unit of volume is provided by H.J.

' Nicholson (1987). This conversion is useful since all the
existing asbestos regulatory limits are based on optical fiber
concentrations while nost ambient air samples are analyzed using
electron microscopy methods. The approximate relationship
presented by Nicholson is 3 nanograns/m3 (ng/m3) are equivalent

O
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to o.l fibers>5 urn (optical)/cubic centimeter. In relating this O
equivalency to existing regulations, a level of 6 ng/m3 measured
by TEM in the ambient air equates to 0.2 f/cc measured by PCM.
This concentration is equal to the OSHA limit (29 CFR 1910 and
1920) for industrial and construction worker exposure.

These guidelines and others developed by the scientific community
are based on potential adverse health effects which have been
indicated for asbestos exposures; and are discussed in greater
detail later in the Endangarment Assessment.

5.1.2.2.5 45 FR 79310 - Ambient Hater Quality Criteria fNovember
19801

The EPA has published recommendations on toxic pollutant water
quality criteria as required by 1977 amendments to the Clean
Hater Act. The criteria are not binding standards but rather .-̂ ,
guidelines for the states to use to establish surface water ^
quality standards. Guidance was provided for 64 toxic pollutants
including asbestos. The guidance document stated that for
maximum protection of human health, the ambient water
concentration should be zero based on the assumption that there
is no threshold below which asbestos is not a carcinogen.
Recognizing that zero concentrations are probably not obtainable,
the EPA estimated that an increased lifetime cancer risk of 10~s,
10~6, and 10~7 could result fron ingestion of surface water
containing asbestos concentrations of 300,000, 30,000, and 3,000
fibers/liter, respectively. These values were based on
extrapolating the results of occupational inhalation studies to
the potential risk associated with ingestion of asbestos in
drinking water. These guidelines were not based on ingestion
studies, however, and have been superseded by a proposed MCLG as
discussed in the next subsection.

AR300305
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5.1.2.2.6 40 CFR 141 - National Primary Drinking Water
Regulations f Proposed, November 1985)

The Public Health Service Act as amended by the Safe Drinking
Hater Act provides for the development of Maximum Contaminant
Levels (MCLs) in drinking water, Under this rule, Maximum
Concentration Level Goals (MCLGs) are to be initially developed,
which are non-enforceable goals based entirely on health
considerations. The MCLs represent enforceable drinking water
standards which are to be set as close to the MCLG as is
realistically feasible. MCLs are based on health, technical
feasibility, and cost-benefit analysis. A MCLG for asbestos in
drinking water of 7.1 million fibers per liter (MFL) for fibers
greater than 10 urn was proposed by EPA in 1985 based on an
increased lifetine cancer risk level of 1 x 10~6. As of April
1988 an accompanying proposed rule (MCL) has not yet been
pronulgated,

The proposed MCLG is approximately two orders of magnitude higher
than the existing Ambient Hater Quality Criteria concentration,
discussed in the previous subsection, because it is based on
recent ingestion studies using laboratory animals (rats) rather
than extrapolation of inhalation effects to ingestion. The
results of this study showed no evidence of carcinogenicity for
ingestion of the short-range fibers (<5 urn) in either male or
female rats and no evidence of carcinogenicity for ingestion of
the intermediate range fibers in the female rats. However, there
was an increase in benign polyps of the large intestine for the
male rats ingesting the intermediate range fibers (>10 urn) at a
dosage of l percent of their diet.

5.1.2.2.7 U.S. EPA Enforcement Approach to Asbestos Site Cleanup

The U.S. EPA enforcenent approach to asbestos site cleanup is
summarized in the following quote from a paper presented by D.
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Dalton at the 6th National Conference on Management of O
Uncontrolled Hazardous Haste site on November 4-6, 1985 in
Washington, D.C.

"Asbestos is listed as a hazardous air pollutant under the
Clean Air Act (CAA), section 112. Asbestos air emissions
are regulated by the National Emissions Standards for
Hazardous Air Pollutants (NESHAPS) at 40 CFR Part 61,
Subpart M. Asbestos is listed as a toxic pollutant under
Section 307(a)(1) of the Federal Hater Pollution Control Act
(FHPCA). Asbestos is regulated in workplaces by OSHA (29
CFR Part 1910) and in schools by the U.S. EPA under the
Toxic Substances Control Act (TSCA).
Although asbestos is not a hazardous waste listed under the
RCRA regulations (40 CFR Part 261), its disease-causing
properties meet the standards of the statutory definition of
RCRA Subsection 1004(s). This toxic property of asbestos
allows use of the substantial hazard standard of RCRA
Subsection 3013 and the imminent and substantial
endangerment standard of Subsection 7003 for enforcement
purposes. Because of its listing in CAA and FHPCA, asbestos
is, by definition, a hazardous substance under CERCLA ,.-.-,,
Subsection 101(14), enabling the U.S. EPA to take removal or (̂ j
remedial action within the Superfund or to take enforcement
action for cleanup through administrative orders or judicial
actions under Subsection 106, and for cost recovery under
Subsection 107."

5.1.2.2.8 Commonwealth of Pennsylvania fStatel Asbestos
Regulations

The Ambler Asbestos Piles are existing industrial waste piles.
PADER currently regulates existing asbestos piles under the
NESHAP regulations. The NESHAP regulations require a 6-inch
vegetated cover for closure of asbestos disposal sites. NESHAP
asbestos air emission standards state that no visible enissions
are permitted fron an asbestos disposal site. The Locust Street
and Plant Piles are not completely covered and therefore are not
meeting NESHAP regulations for closure. No visible emissions
were observed however, from the uncovered areas during the RI
field investigation.

O
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O 5.1.3 AIR

As was discussed in Section 4.0, the air sampling program
conducted during the field investigation consisted of three
components:

o Environmental Air Sampling - The purpose of this
sampling was to document on-site ambient air conditions
before, during, and after intrusive field activities.
Samples included four on-site sample locations, with
both up and downwind conditions being represented.

o Source/Receptor Air Sampling - The purpose of this
extensive sampling program was to determine the ambient
air conditions up and downwind of potential on-site
sources (exposed areas) and at possible off-site
receptors (residences). Up to 24 source/raceptor
sampling stations were included in this program.

o Personnel Air Sampling - Personnel air sampling was
performed during soil boring and test pit activity.
Personnel air sampling is required by OSHA for these
activities.

An extensive sampling progran was conducted at the Ambler site to
document ambient airborne asbestos concentrations on-site and up
and downwind of the site under various seasonal weather and site
conditions. Factors that can influence air sampling results
include:

o Moisture Content of Exposed Areas of the Piles -
entrainment of asbestos fibers is less likely if the
materials are wet, frozen or snow covered.

o Hind Velocity - high winds will result in a greater
potential for entrainment of asbestos fibers.

o Vegetation - vegetation on and around the piles effects.
surface wind velocity and patterns. Extensive
vegetation during the late spring, summer and fall
months reduces the wind velocity at the surface ot
exposed areas.

o Activity on the Piles - Any disturbance of the exposed
areas of the pile increases the likelihood of
entrainment of asbestos fibers.
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o standardization of Sampling Procedures - the height of
filter cassettes above the ground surface, pumping
rate, pumping period, direction of open end of the
cassette, and pump calibration must be standardized for
all sampling stations.

These factors were addressed with the following sampling/field
procedures:

o Air sampling (except for personnel and the second round
of environmental air sampling) was scheduled after
several days of dry weather. The third round of
source/receptor air sanpling was conducted during the
summer after five days of dry weather in order to
collect air samples when the exposed areas were
extremely dry and at their greatest potential for
entrainment.

o Hind speed was nonitored by a Climotronics Electronic
Heather station located on the northeastern side of the
top of the plant pile. Prior to sanpling, the site
meteorologist consulted the local National Heather
Service meteorologist for the wind forecast. Once up/ /">
downwind was established, sampling pumps were set out. -̂-'

o Several sampling rounds were performed during the
winter months and early spring when the vegetation on
the piles and surrounding area was minimal allowing for
greater wind speeds at the surface of the exposed
areas. This was somewhat offset by high moisture
content of the waste material in and at the surface of
the pits during these months.

o Activity on the piles was minimized during source/
receptor air sampling events.

o To minimize the potential for variation due to sampling
procedures, the following standards were established:
all filter cassettes were placed 3 feet above the
ground surface; all pumps were operated at approxi-
mately the same rates for 4 hour periods; cassettes
were aligned with the prevailing wind, and all pumps
were calibrated prior to and during sampling.

Although the first round of environmental and three rounds of
source/receptor air sampling were conducted under metereological
conditions representing the highest potentials for asbestos fiber ,
entrainment that might be expected during the year, ambient
conditions can vary widely. An evaluation of the meteorological
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I) conditions for each sampling event is discussed for each round of
environmental and source/ receptor air sampling. Atmospheric
stability was used to evaluate the dispersion potential of a

I release of asbestos from exposed areas of the piles. Atmospheric
stability is given in ranges of noderately stable to extremely

1 unstable conditions as defined by Pasquill. stabilities' are
determined by prevailing conditions of average wind speed and the
estimated solar radiation balance. The dispersion potential is
greater for nore unstable conditions. Hind speed at the ground
surface and moisture content of the exposed material effect the
potential of a release. If winds are light at ground surface due
to vegetation and the material is moist, there will be little or
no asbestos released and allowed to disperse even if the disper-
sion potential is high.

The general air flow over the piles can be characterized into two ;
.-, patterns during the sanpling progran; westwind, wind blowing fron .
~-J Hhitenarsh Township to Ambler, and eastwind, wind blowing from

Ambler to Hhitemarsh Township (see Figure 5-1), The strongest
winds (predominant wind is fron the west and northwest - see
Figure 2-3) were generally just above the trees and houses in
Hhitenarsh Township, over the piles, then down to the roof tops
over the town of Ambler, in both wind patterns observed during
air sampling (west and east winds) the piles cause the greatest
area of disturbance to the windflow on the down wind side. This
would enhance dispersion beyond the dispersion taking place as a
result of atmospheric instability. As wind speed increases this
enhancement would further increase. The result is that the
highest concentrations would be found immediately downwind of the
pile with concentrations decreasing rapidly with distance. These
dispersion characteristics are only valid if the piles are a
source of asbestos.

The greatest number of potential receptors are located more than
^ 500 feet from the toe of the piles beyond the area of greatest

AR3003IO
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O dispersion. Potential receptors within the area of greatest
dispersion are the workers at the Plant and the residences of the
community northeast of the Locust Street Pile bordered by Locust
Street, Chestnut Street and Butler Pike.

5.1.3.1 Environmental Air Sampling

Two rounds of environmental air sampling were conducted during
the field investigation on the following dates:

o Round 1-24 December 1986
o Round 2-14 April 1987

The purpose of collecting environmental air samples was to
provide data to assess if there were any impacts to the ambient
air as a result of activities conducted during the field

,~̂  investigation. The environmental air sampling also provided
•-' additional data on upgradient and on-aite ambient air conditions

to be compared with the source/receptor air sanpling results.
The first round of environmental air samples was conducted prior
to any RI/FS sampling. Results of this round were used to
provide typical "background" data for the site. The second round
of environmental air sanples was collected during intrusive
sampling activities (i.e., waste pile boring and test pit
construction).

Round One — Environmental Air Sampling

Heather conditions for the first round of environmental air
sampling on December 29, 1986 were overcast, wind direction 190°
(south) at a speed of 8 miles per hour (mph), dininishing to 5
•ph by 1500 hours, and a temperature of 40° F. Sanpling
conditions were characterized as having moderately to slightly
stable atmospheric stability, and therefore only slight

J
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vertical and horizontal mixing of particulates. The ground was ' '
moist and partially frozen. No leaves were on the crown vetch,
vines, and trees growing on the piles.

The first round of sampling included four sampling locations (see
Figure 5-2). Three of the samples were taken directly on the
piles or at the downwind toe of slope of the piles. These
samples were taken to document the ambient air conditions
downwind of the pile prior to intrusive sampling. The fourth air
sample was taken at an off-site location to document off-site
ambient air conditions.

Air samples were analyzed using the "Yamate Method" for asbestos
analysis by TEM. There are three levels of analysis methodology
for the Yamate Method. The data review conducted by the
data validator (Shelborne Labs, Inc.) for the asbestos TEM data
indicated that Yamate Level I analysis was used. Level I s-\
analysis includes identification based on morphological criteria
and visual selected area electron diffraction (SAED) recognition
(Level I analysis is appropriate for nonitoring and screening
purposes, Level III is used for legal proceedings). Although
the data validator indicated that the SAS-CLP laboratory did not
provide all of the quality control and instrument calibration
information required under the REM II/EPA data validation
procedures for TEM asbestos analysis, the data was not qualified.
(Appendix C provides for REM II/EPA data validation procedures
and the data validator'a comments on the air sample results.)

The SAS-CLP laboratory performing the analysis reported that
sanple EAR-003 (101-03) was found damaged and could not be
analyzed. The laboratory also stated that the filters were
heavily loaded with gypsum fibers (CaS04) and that, in order to
get an asbestos count, the filters were ashed and then analyzed.
The procedure included ashing one-half of tha air filter and .-..
redepositing the contents onto a 25 mm, o.i micron mixed
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cellulose ester filter. Detection limits were not specified
by the laboratory; however, the SAS contract required the
laboratory to obtain a detection limit of 0.01 f/cc.

The analytical results for the Environmental Air Sampling am
presented in Table 5-7. Results are given in the following
quantities:

o Total Asbestos Fibers - represents the total number of
both chrysotile and anphibole fibers detected on a
given area of the filter. The total number of fibers
per filter is obtained by multiplying the total given
in the table by the total area of the filter divided by
the area of the filter analyzed. The total number of
asbestos fibers presented in Table 5-7 represents only
chrysotile type asbestos fibers unless footnoted.
Asbestos fibers other than chrysotile were detected in
only two of all the air samples analyzed.

O
Ambient Air Fiber Concentration - represents the total
calculated fibers per filter divided by the total
volume of air sampled. The units are given in fibers
per cubic centineter (f/cc).

Range in Fiber Length - the length of asbestos fibers
detected on the filter can be used to qualitatively
determine if a potential source of asbestos other than
typical background sources is present in a sampling
area, sources other than typical background release
fibers larger than those detected in background
samples.
Total Number of Asbestos Structures - represents the
total number of fibers, bundles (3 or more parallel
fibrils less than 1 fiber diameter separation),
clusters (fibers having greater than or equal to 3
intersections), and matrix/debris (solid mass with
fiber protrusion >5:1 aspect ratio length/diameter) and
>0.5 nicron in length) detected on a specified area of
the filter. Each of these structures represent one (l)
structure. The total number of asbestos structures per
filter is calculated using the same procedure for total
fibers per filter. The number of clusters and bundles
can be used to qualitatively assess if a
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potential source other than background sources is
present in the sampling area. Sources other than
typical background often release greater numbers of
bundles and clusters.

o Ambient Air Asbestos Structure Concentrations -
represents the total number of asbestos structures per
filter divided by the total volume of air sanpled. The
units are given in f/cc where one structure equals one
fiber. This concentration will be used to assess if a
potential public health and/or environmental concern
exists and will be compared to the ambient air
guidelines presented in Subsection 5,5 and the
published ambient air levels reported in Section 3.0
for several urban and industrial areas.
Ambient air asbestos structure concentration is also
given in mass per volume units. The mass of asbestos
structures is determined by assuming a molecular weight
of each structure and converting structure/fiber counts
to nanograms (ng). The molecular weight of pure
chrysotile and/or amosite, depending on the type of
fibers detected', is often used. The mass quantity is
extrapolated to the remainder of the filter and divided
by the volume of air sanpled in cubic neters. This /->
conversion is not without errors since pure chrysotile W
or anosite is rarely found, the true molecular
conposition of the fibers is not readily obtained, and
the conposition of the fibers can vary greatly between
source nines.

The results of the first round of Environmental Air Sampling
indicate low concentrations (0.01 and 0.09 f/cc) of asbestos in
the ambient air directly downwind of the piles. The highest
concentration of asbestos occurred at the off-site location
between Hissahickon Creek and Butler Pike (0.20 f/cc). The
off-site sanpling location was potentially downwind of the Locust
Street Pile and heavy traffic on Butler Pike. Both the average
fiber length and number of bundles and clusters was greatest on
the off-site filter sanple. The number of bundles and clusters
detected at the off-site location suggests sources other than
those which typically contribute to background concentrations.

Both the trip and field blank results indicate no contamination ,.
of blanks. The laboratory results indicate that one fiber was
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r .1 detected on the trip blank, however, the corresponding
concentration is below the detection level and does not qualify
the data.

Comparing the results to the recommended ambient air guidelines
compiled by Chatfield, the concentrations detected at the
sampling location on the Locust Street Pile and the off-site
location near Hissahickon Creek are above the guideline
concentrations (0.03-0.04 f/cc). The concentrations at these
locations are also above the ambient asbestos concentrations for
urban area (0.024-0.045 f/cc) presented in Table 3-3. The
detected concentrations in all the samples in mass per volume
units (0.09-5;6 ng/m3) are below the 6 ng/m3 level that would
equate to the OSHA limit of 0.2 f/cc (fibers >5 urn) using the
conversion presented by Nicholson (1987).

-, The results of the first round of environmental air sampling
•—' indicate ambient asbestos concentrations were both above and

below reported ambient urban asbestos concentrations. These
results were used to compare with the results of the second round
of environmental air sampling conducted during boring and test
pit activities to determine if the intrusive field activities
impacted the ambient air.

Round Two - Environmental Air Sampling

Heather conditions for the second round of environmental air
sampling on April 14, 1987 were recorded as being sunny, light
winds (4 mph) to the west (270°), and an average tenperature of
66° F during the sanpling progran. Due to the sunshine,
atnospheric stability was rated as extremely to moderately
unstable. As a result, dispersion of particulates already in the
ambient air was very good. Vegetation was light but could have
effected the wind speed at the surface of exposed areas. The

^ potential for entrainment of asbestos fibers fron the piles was
noderate/low due to the light winds and vegetation.
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The second round of environmental air sampling included four
sanpling locations (see Figure 5-2) . Three of the sampling
locations were selected downwind of borehole drilling and test
pit excavation activities being conducted on the day of air
sanpling. Sample EAR-003-09 was collected downwind of the
borehole drilling activity on the exposed areas of asbestos
shingles on the Locust Street Pile. Sample location EAR-004-10
was approximately 20 yards downwind of the test pit excavation
operations into the side slope of the Locust street Pile. The
other two locations provided ambient concentrations at positions
downwind of exposed areas of the two piles.

Air sanples were analyzed by TEH with SAED confirmation using the
i Yamate Method" - Level l. As discussed under the first round of
environmental air sanpling, the data validator indicated sone
deficiencies in the laboratory data submission, but did not
qualify the data.

The SAS-CLP laboratory performing the TEM analysis reported that
the filters were heavily loaded with debris. In order to get an
asbestos count the samples were ashed and then analyzed using the
sane procedure used for Round I of the Environmental air
sampling. The debris was later found to be gypsum fibers, in
some cases more than 100 per grid opening which could not be
eliminated by ashing.

The analytical results for the second round of Environmental air
sampling was presented in Table 5-7. The results of the second
round indicate lower asbestos concentrations in all samples
compared to the first round of air sanples taken downwind of the
Locust Street Pile and off -site near Hissahickon Creek.

The background level on the Plant Pile, where no activity
occurred on the day of Second Round air sampling, was only
slightly higher (0.03 f/cc compared to a 0.01 f/cc) than the
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level reported for the first round on the Plant Pile. The
asbestos concentrations detected (<0.01-0.04 f/cc) are within the
recommended ambient air guidelines reported by Chatfield and the
ambient asbestos concentrations reported by EPA (Table 3-3) for
urban areas. The mass per unit of volume concentrations
(0.43-0.93 ng/m3) is below the 6 ng/m3 level equivalent to the
OSHA limit of 0.2 f/cc using the Nicholson conversion.

Both the trip and field blank results indicate no blank
contamination. The analytical results of the duplicate sample
(EAR-004-11) taken next to sample EAR-004-10 indicate an asbestos
concentration nearly ten times the concentration reported for
EAR-004-10. This concentration is however, below the levels
reported for the first round samples located downwind of the
Locust Street Pile. Large fibers (up to 8 microns) were detected
in both EAR-004-10 and EAR-004-11. An amosite fiber was detected
in the duplicate sample. Amosite fibers are not often found in
ambient air because they are less likely to become airborne
compared to chrysotile fibers because of their larger size and
less friable characteristics. The presence of larger fibers and
the amosite fiber indicates a potential source other than
natural/background sources. Amosite fibers were detected in the
test pit at a depth of 1-2 feet below the surface.

The concentrations detected on the filter downwind of the test
pit operation were however, lower than the Round One samples
taken downwind of the Locust Street Pile. The results therefore
indicate that the intrusive activities did not increase the
asbestos ambient air concentration on and downwind of the piles
but nay have contributed to low levels (equal to or below typical
ambient air concentrations and below the equivalent OSHA limit
using the conversion by Nicholson) of asbestos detected in
sanples EAR-004-10 and EAR-004-11. The actual source of
asbestos (e.g., test pits, exposed areas, other on-site and
off-site sources) cannot be conclusively identified due to the
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variability between the two samples and the higher concentrations • '
recorded for Round One.

5.1,3,2 Source and Receptor Air Sampling

Three rounds of Source/Receptor air sampling were conducted
during the field investigation on the following dates:

o Round I - January 9, 1987
o Round II - April 21, 1987
o Round III - August 21, 1987

The purpose of the Source/Receptor air sampling was to determine
the potential for environmental impact or public health risk
as a result of ambient airborne asbestos concentrations
attributable to potential sources on the Ambler Asbestos Pile
site. This determination was based on the analysis of air r--
sanples taken directly on and downwind of the piles and filter
bed lagoons, downwind of the site near local residences, and at
upwind off-site locations.

Round I - Source/Receptor Air Sampling

Heather conditions for the first round of Source/Receptor air
sanpling on 9 January 1987 were recorded as overcast with
moderate winds (5 nph) to the west northwest (305°), and an
average temperature of 38°F during the sanpling program.
Atmospheric conditions were characterized as moderately to
slightly stable with only slight vertical and horizontal mixing
of particulates. The ground was moist, partially frozen, and
patches of snow were present on sections of the northern slopes
of the piles. No leaves were on the vetch, vines, or trees
growing on the piles, minimizing obstructions that would reduce
wind speeds at the ground surface. ,•••• U
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O The first round of Source/Receptor air sampling included six
source and thirteen receptor air sanpling locations (see Figure
5-3), Source air sampling stations were located on the exposed
large plateau areas of the Locust St. and Plant Piles, on the
area of exposed asbestos shingles and millboard on the southern
slope of the Locust St. Pile, and adjacent to the filter bed
lagoons. Potential sources of asbestos release in the filter bed
lagoon area are the side walls and filter dans where fluctuating
water levels could deposit fibers on these surfaces. Gray
fibrous material was also observed in the area of the lagoons,
representing another potential source of asbestos. Potential
receptor air sampling stations were located downwind of the
on-site sources in the neighborhood directly northeast of the
Locust St. Pile, in the town of Ambler along South Main street,
and in the plant area, several off-site upwind air samples were
taken to document background air levels. Sanples were also
collected downwind of the reservoir and East Maple St. Pile to•-.-'
obtain "background" levels downwind of potential off-site sources
(see Figure 4-4).

Air sanples were analyzed by TEM with SAED confirmation using the
"Yamate Method". The data review conducted by the subcontracted
data validator for the asbestos TEM data indicated that Level I
of the Yamate Method was achieved.

Although the data validator indicated that SAS-CLP laboratory did
not provide all the quality control and instrument calibration
information required under the REM II/EPA data validation
procedures for TEM asbestos analysis, the data was not qualified.

The SAS-CLP laboratory performing the analysis reported that the
filters were heavily loaded with debris and in order to get an
asbestos count, the filters were ashed and then analyzed. The

j procedure included ashing one-half of the air filter and

5'39 AR300322
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redepositing the content onto a 25nn, o.l micron nixed cellulose
eater filter. The debris was later found to be gypsun fibers
(CBS04) which were not elininated by the ashing procedure.
Detection limits were not provided by the laboratory, however,
the SAS contract required the laboratory to obtain a detection
linit of 0.01 f/cc.

The analytical results for the first round of Source/Receptor air
sanpling are presented in Table 5-8, The quantities and
concentrations provided in Table 5-8 are the same as those
defined under the discussion of the first round of Environmental
air sanples.

Both the trip and field blank results indicate no contamination
of blanks. The results of the analysis of source air sanples
indicate concentrations of 0.02 to 0.08 f/cc of asbestos

lO downgradient of and on the exposed areas of the Locust St. Pile.
The concentrations detected are equal to and above the ambient
air guidelines (0.03 to 0.04 f/cc) compiled by Chatfield, (see
Section 6.0) and the ambient air asbestos concentrations (0.024
to 0.045 f/cc) reported by EPA (see Table 3-3). The
concentrations (0.21 to 1.5 ng/m3) in mass per unit of volume
were below the equivalent OSHA limit of 0.2 f/cc (fibers >5 un)
using the Nicholson conversion.

The results of the analysis of source air sanples collected on
the exposed areas of the Plant Pile (0.01 f/cc) indicate levels
lower than those detected on the Locust St. Pile (0.02-0.06
f/cc) . Low concentrations detected on the Piles may be a result
of moist and partially frozen conditions of the material exposed
at the surface. The presence of large fibers (up to 11.25
micron-urn) and a larger number of bundles and clusters conpared
to the other source air sample, indicates a potential source

.j other than typical background sources. The filter bed lagoons
were on the downwind side if the Locust St. Pile on the day of

5-41

!{ the page filmed In thl4 {tame 14 not a4 teadable..ot legible. a4 thl4-
label, It 14 due to Aubttandand colon on condition o{ the otlglnal page.



I
*
i
s

i

il M
£ §
,| lj|u
J S H P P1**

S K

To
ta
l 
Ik
ar
w

of
 A
ib
aa
to
e

St
ru
ct
ur
e*

De
te
ct
ed
 (
J)

||||
*

g

.lie4*
s

Ijp
w

g

^

i

X)

9

K

O

1

1

n

g

1

Is
• vii 3

5

0
d

K

.2
S-
7.
3

0

8
d

*

Du
pl
ic
at
e 
of
 S
OI
 -0
1

9§
3

0*

8
d

s

S••

!

s

e

An
* 
of
 e
xp
an
d 

ah
in
gi
lc
* 
an
d

•l
ll
bM
rd

 o
n 
Lo
tu
at
 S
tr
ee
t 
Pi
l

?
S
3

d

s
d

*

N
tfj
O

9

13

•o
rt
he
aa
t 
al
op
a 
of
 L
oc
ut
t

St
re
et
 P
il
e

8
8
3

2 3

S S
d d

•- *"

8 B
3 iij
e o

52

2 *

I

I'lii1$ «i
E it

? ?
9 S
3 3

IS

S
d

« 00

Io

s
o

» 00

*

SE
 c
or
ne
f 
en
 r
m
e
e
d
 p
le
te
eu
 a

Pl
an
t 
Pi
le

Me
ld
 H
an
k

Tr
ip
 H
an
k

1T
10
B*

! * *8 § ii 1 s 1

12 mm
* S ft

P Q Kj2 3 5

g 8 I

Hi
0 0

d d ^

5 K 3

? . 8

up
vi
nd
 o
f 
al
te
 a
t 
in
te
ra
ac
tl
on

Hr
rc
er

 l
il
t 
ao
ad

Oa
mr
in
d 
of
 E
aa
t 
Ha
pl
e 
St
. 
Pi
t

Do
tf
aa
ri
nd
 o
f 
no
cw
oi
r 
on

 M
ip
lt
t

? ? I

^
s &
«• d

.

2 R

.4
-1
7.
75

-2
S-
7.
5

0 o

d d

C 91

Du
pl
ic
at
e 
of
 K
B-
03

up
jr
in
l 
of
 a
lt
e 
by
 u
la
aa
kl
ck
on

u»
l«
ie
)<
eJ
 A
uo
ci
et
io
n

? ?

i S

0

8
a

«

N

°

8
o

R

iiii
s

S

O

O

o
5-42 AR300325

page 'filmed In thit frame it not at teadable..ot. legible,, a-,
label, It 14 due to AubAtandand colon on condition o{ the otlglnal page.



o

iv
Ui f

'O 2
1

i

i

o

lll'll?ifjiih
I. e i

i f

IS l a g l s
'llT8

jjg.S
• fi I. **ill]„
M
.lie
*lll*

!|[l

S

ii

S IS
d o

,

B ati d

R K

- 1Ci 1
s s
a o

N *

At
*.» * .

ilii
eS .fi
?S f "

!!li
? ?n

s a
0 0

8 S
0 0

8 *

•* O

4 4
« »
O O

8 S

S *

[r
oa
d 
tr
ac
k*

•E
 o
f 
Oi
ea
tn
ut

ay
 P
la
nt
 n
ee
r 

ra
il

ay
 P
le
nt
 I
n 
fi
el
d

St
re
et

o *•

M

PI S R
in n -'

Pi N (5
o d d

8 S R

1C o in
m in to
R o d

S N S

3 S3

t &
s !
N M 4
e c e
i i i
*' S' 8
e 'S e
o ? «|

? ? f
3 3 2

s
d

8
O

3 °

i
i

ii °

H
£

i

i!Ii
6 E

U
2 S

?
t.

o
j

3
I
S
c
1

J
!!» i

• 
cu
bi
c 
ca
nt
ia
et
er

ll
ba
ra
. 
bu
nd
la
a.

 a
t

pe
r 
cu
bi
c 
ea
te
r.

Ii « !
e s s

5-43 3̂00326
:.'•• I{ the page filmed In thl4 {tame 14 not a4 teadable.^Meglble, a4.thl4̂ iii.i/,,

label, It 14 due to 4ub4tandatd colot ot condition o{ the otlglnal page.



Section: S
Revision: 2
Date: August 1988
Page: 44

sampling (wind direction - 305 degrees) and were therefore O
located in an area of greatest disperaion potential (see Figure
5-1) . However, it , is unlikely that the source of asbestos
detected in the sample (504-07) by the lagoons is the exposed
areas of the piles, because of the low levels detected in those
areas. Potential sources are (1) the filter bed lagoons in which
asbestos was detected in sediments and surface water, (2) the
gray fibrous material observed between the lagoons, (3) the Plant
building at the toe of the Plant Pile, and (4) the Plant opera-
tions in and around this building. (The facility that produces
asbestos impregnated rubber gaskets was in operation on the day
of sampling).

The results of the analysis of the air samples located upwind of
the site on Maple street (R03-03, R03-4, and R02-02), and at the
intersection of Mercer Hill Road and Betsy Lane (R01-01) ,
indicate levels above those found in on-site samples. ^
Concentrations approximately 50 times (1.95 f/cc compared to 0.03 -̂'
f/cc) the levels detected in on-site samples were reported. These
four off -site samples, located downwind of the reservoir berm and
East Maple St. Pile, were found to possess concentrations (0.33
to 1.95 f/cc) above the recommended ambient air guidelines and
EPA reported levels of ambient asbestos. The highest level,
(1.95 f/cc) was detected in the sample located downwind of the (
reservoir. The mass/volume concentration (59.5 ng/m3) at this
location, is equivalent to 1.98 f/cc (fiber >5 urn). This j
equivalent concentration is almost 10 times the OSHA limit (.2
f/cc) . A duplicate sample was taken at this location and also .
found to contain a similar concentration (1.61 f/cc and 0.62 f (>5 ;
un)/cc ). Larger fibers (up to 17.75 u) and greater quantities
of bundles and clusters detected in these samples suggest a I
source other than typical background in this area. Both the
reservoir berm and the Maple St. Piles were identified as
potential off-site sources.
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The purpose of these samples was to document background levels to
be used to compare with levels detected in the downwind samples.
An additional upwind sample was taken south of the site at
Wissahickon Watershed Association on Morris Road. The
concentration at this location (0.07 f/cc) is slightly above the
ambient air levels reported by EPA for urban areas. This
concentration will be used to compare with downwind
concentrations as it appears not to be impacted by potential
off-site sources.

The results of the analysis of the Receptor air samples located
in the neighborhood directly downwind of the Locust St. Pile
indicate asbestos concentrations (0,03 to 0.04 f/cc) below the
concentration (0.07 f/cc) detected in the upwind sample at
Hissahickon Watershed Association and comparable to the
recommended ambient air guidelines (Chatfield) and urban ambient
air asbestos levels reported by EPA. The greatest dispersion of
asbestos fibers would have occurred in this area if the piles
were a source of asbestos. The results, therefore, do not
indicate that the piles represent a significant source to
off-site ambient air asbestos levels.

Higher concentrations (0.02 to 0.32 f/cc) of asbestos were
detected at three of the further downwind sample locations
(RIO-12, Rll-13, and R12-14) along South Main Street compared to
both on-site source and direct downwind off-site receptor
locations. These levels are above the recommended ambient air
guidelines (0.03 to 0.04 f/cc) and the urban ambient air asbestos
levels reported by EPA (.024 to .045 f/cc). The mass volume
concentrations at these downwind locations are equivalent to 0.04
to 0.18 f(>5 urn)/cc using the conversion suggested by Nicholson.
These equivalent concentrations are just below the OSHA limit for
industrial work exposure of 0.2 f(>5 um)/cc.

O
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Concentrations of asbestos in ambient air ordinarily decrease
with distance from a source because of dispersion of the fibers.
The fact that lower levels were detected on the piles and
directly downwind of the piles suggest that the source of the
higher concentrations along South Main Street cannot be
attributed to the piles. While the higher concentrations
may be in part attributable to the release of asbestos from brake
linings in the heavy stop and go traffic on Main Street, it
should be noted that the three samples locations are also
downwind of the filter bed lagoon area where the highest level in
a source sample was detected. Large fibers and greater amounts
of bundles and clusters were found in the sample located on Main
Street and Butler Pike directly downwind of the reservoir.
Sample location Rll-13 and R12-14 are also downwind of the filter
bed lagoon area where the highest level in a source sample was
detected, Results of the furthest downwind receptor air sample
(R13-15) indicated a concentration (0.06 f/cc) lower than the
other downwind receptor samples on South Main Street, suggesting
a decrease in concentration with distance from these potential
sources.

The results of the first round of Source/Receptor air sampling
indicate ambient asbestos concentrations on and directly
downwind of the piles were within and above reported ambient
urban concentrations. Higher levels were detected adjacent to
the filter bed lagoons where plant operations may have
contributed to the higher concentration. Higher levels were also
detected in downwind samples along South Main Street in the town
of Ambler. The higher concentrations are attributed to potential
off-site sources and heavy traffic in the area of sampling. The
concentrations (0.20 to 0.32 f/cc) at these downwind receptor
locations are nearly ten times the guideline concentrations (0.03
to 0.04 f/cc). in addition, all downwind receptor sample
concentrations, when converted to f(>5 ua)/cc from ng/m3 using
the conversion recommended by Nicholson, indicate levels below O
the OSHA limit for employee exposure.
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pound II - Source/Receptor Air Sampling

Weather conditions for the second round of Source/Receptor air
sampling on 21 April 1987 were recorded to be sunny, with winds
from a easterly (090 degree) direction at 6 mph, and an average
temperature of 66 degrees F during the sampling program.
Atmospheric stability was rated as extremely to moderately
unstable, and therefore very good for dispersion of particulates
in the ambient air. The ground was moist on the day of sampling
and leaves were just appearing on the vegetation on and around
the site.

The second round of source/Receptor air sampling included six
source and thirteen receptor air sampling locations (see Figure
5-4). Using sampling selection methodologies similar to Round I,
source samples were located at downwind positions on the large
exposed plateau areas of the piles and on exposed areas of the
side slopes of the piles. Receptor samples were located directly
downwind of the piles where dispersion is expected to be the
greatest, and near residences downwind of the piles and the
lagoons. Several upwind air samples were also taken to establish
background levels.

Air samples were analyzed by TEM with SAED confirmation using the
"Yamate Method". The data reviewer stated that Yamate Method
Level I wap achieved. The data reviewer did not site
any deficiencies that would further qualify the data. The
SAS-CLP laboratory performing the analysis reported that four
samples were damaged (RAR-R05-20, RAR-R07-22, and RAR-R16-32) and
were not analyzed. The remaining 13 samples that were analyzed
were not ashed as were the filters for Round I due to heavy
gypsum loading on the filters. Light to moderate debris was
observed on most of the filters for the second round.
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O The analytical results for the second round of Source/Receptor
air sampling are presented in Table 5-9. The results are
qualified as a result of blank contamination detected in the two
field and two trip blanks comprising the quality control samples
for Round II. Contamination of the filters may have occurred

, during the manufacturing and assembly process. Polycarbonate
filters were used for Round II compared to mixed cellulose ester
filters used in Round I, Recent research (T. Powers, us EPA,
April 1986, Cincinnati, Ohio) indicates that the polycarbonate
filters have a higher frequency of contamination compared to
mixed cellulose filters.

Contamination in the Round II blanks was higher than is commonly
reported for manufacturing contamination and may therefore be a
result of improper handling before, during or after sampling.
Table 5-9 provides a summary of the qualified data for Round II.
Asbestos fiber/structure counts per grid and concentrations

O detected in samples that are equal to or less than the highest
count or concentration detected in the blanks are assumed to be
"non-detect" and are noted by an asterisk (*). Counts and
concentrations shown on Table 5-9 represent the difference
between the total concentration detected in the sample and the
highest concentration detected in the blank samples,

The qualified results of the Second Round of Source/Receptor air
sampling failed to indicate that sample locations downwind of the
site are no greater than the concentrations detected in the
upwind samples. All downwind concentrations were below the
ambient air guidelines compiled by Chatfield and the urban
ambient air levels reported by EPA. The results do not indicate
that potential on-site sources are impacting the ambient air more
than typical background and/or off-site sources.
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Higher concentrations were detected at the following on-site '
location: the northeast end of the filter bed lagoons, the south
corner of the Plant Pile, and near a storage warehouse in the
niddle of the Nicolet Facility. Mass/volume concentrations of
11.73, 7.08 and 39.8 ng/m3, respectively, were detected at these
locations. The equivalent concentrations in fiber >5 un per cc
(0.39, 0.24, and 1.32 f/cc) using the conversion suggested by
Nicholson are all above the OSHA linit of 0.2 f>5 un/cc for
occupational exposure. Round I results also indicated high
concentrations near the lagoons. The source of the higher
concentrations nay be attributed to surfaces around the lagoons
that have been in contact with the lagoon surface waters and
sediments. other potential sources include the disturbance of
the gray fibrous material observed around the lagoons and the
facility operations next to the lagoons. The high concentrations
detected in the Plant area upwind of the piles nay be attributed
to asbestos fibers deposited in the past around the site that ,-•
became disturbed by Plant operation (vehicle traffic) or the ^
Plant activity itself. The high concentrations on the Plant Pile
nay be a result of releases of asbestos from the exposed areas on
the top of the Plant Pile and/or fron the Plant area which was
located upwind of the Plant Pile on the day of sanpling.
Anphibole fibers were detected in the Plant Pile sample
suggesting a source other than typical background sources.
The results are not conclusive since the concentration detected
in the sample located on the adjacent downwind corner of the
Plant Pile was below detection limits. '

Round III - Source/Receptor Air Samling

Heather conditions for the third and final round of Source/
Receptor air sampling on 21 August 1987 were recorded as being
partly tunny, with winds blowing in a westerly direction (270°)
at 5 mph and an average temperature of 84° F. Atmospheric
stability was rated as extremely to moderately unstable due to
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I' solar radiation, and therefore dispersion of particulates in the
ambient air was very good, conditions were very dry (5 days of
dry weather proceeded sampling) at the ground surface on the day
of sampling increasing the potential of a release of asbestos
from exposed materials on the piles. This condition was sonewhat
off set by extensive vegetative growth and around the piles which
would reduce the wind speeds at the ground surface due to
increased surface friction.

The third round of Source/Receptor air sampling included four
on-site source and eleven off-site receptor air sampling
locations (see Figure 5-5). Using sampling selection

, methodologies similar to the first two rounds and the results of
Round I and II, source samples were located on the exposed
plateau areas of the piles, adjacent to the filter bed lagoons,
and in the Plant area. Receptor samples were placed downwind of

:/-*. the site in a more closely spaced perimeter pattern along Main
'—' Street to provide better correlation of data (stations were about

the same distance from potential on-site sources instead of being
located at varying distances as in the previous rounds) and to
better attempt to detect any releases fron the site (closer
spacing that covers most of the downwind positions allowed for
better coverage of downwind receptor locations). Several
off-site upwind samples were taken to document background ambient
air concentrations. Upwind sample locations included a sample
near Butler Pike where a higher concentration have been detected
in the first round of Environmental air sampling and along Morris
Road, where detected levels had been equal to or below the urban
asbestos ambient air levels reported by EPA.

The air samples for Round III were analyzed by TEM with SAED and
EDXS confirmation. Round III samples were analyzed under a
separate SAS request from the previous air sampling analytical
program. The SAS request for the third round incorporated the

^ data validation procedure developed by the REM II Team and EPA in
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August 1987. The SAS-CLP Laboratory (EMS Laboratories) was
required to follow special analytical protocols and special
technical procedure, that assured the requirements of complete
data validation were neet. The data reviewer Cor the TEM results
(Shelborne Labs, Inc.) reported that the required analytical
protocol (EPA 40 CFR Part 763 Appendix A) was followed and all
deliverables were submitted. The data validation procedures and
tha data review by Shelborne is provided in Appendix C. The
analytical results are found in Appendix B. The data reviewer
did not qualify any of the data and stated the analytical data is
appropriate for use in litigation.

, Tha analytical results for the third round of Source/Receptor air
sampling are presented in Table 5-10. As a result of blank

; contanination detected in the second round of Source/Receptor air
sampling filters, additional blanks were taken in the third

Q round. Eight blanks (4 field and 4 trip blanks) were submitted
and analyzed prior to analyzing the source and the receptor air

i sampling. One fiber was detected on analyzed grid areas of two
' of the blank sample filters. This translates into a total

concentration of less than the detection limit of o.l
1 structures/cc assuming an air volume of 3,000 liters.

A total of three asbestos structures was detected on a third
blank sample, which also translates to a concentration less than
the detection limit. A laboratory duplicate was analyzed for
this sanple and no fibers were detected. The data was therefore
not qualified as a result of blank contanination.

» The results of the analysis indicate asbestos ambient air
, concentrations on exposed areas of the piles were either non

detectable (top of the Plant Pile), or below the ambient air
guidelines conpiled by Chatfield and the urban ambient air
concentration reported by EPA. The concentration (0.02 f/cc)

i detected in the sanple on the exposed area of the Locust Street
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Pile was slightly above the concentrations (<0.01 f/cc) detected
in the upwind sanples. However only fibers less that 5 u were
detected in the sanple making a distinction between inpacts due
to the exposed area and typical background sources difficult.
Ambient air asbestos concentrations detected near the filter bed
lagoons (0.01 f/cc) and the Nicolet Plant (<0.02 f/cc) were equal
to or above the concentrations detected in the upwind sanples.
Fiber lengths were less than S u and concentrations were below
the ambient air guideline* and urban ambient levels reported by
EPA. The concentrations are also below the OSHA and EPA Units
for occupational exposure (0.2 f(.5>u)/cc), although an exact
conversion is questionable since all the fibers detected were
below 5 nicrons. The results indicate a potential inpact to
ambient air concentration on-site fron on-site sources on the
exposed area of the Locust Street Pile and the filter bed lagoon
area. This conclusion is not conclusive due to the low
concentrations and snail fiber lengths detected. ' .

The results of the analysis of downwind sanples indicate no
neasurable inpact on the ambient air downwind of the site fron
potential on-site sources. The concentrations detected at the
downwind locations were either nondetectable (no fibers detected)
or below the detection linit (0.01 f/cc). The concentrations in
the downwind sanples were comparable (both <0.0l f/cc) to the
upwind aanple concentrations.

The results of the third round of Source/Receptor air sanpling
under which the nost stringent analytical protocols of the air
sanpling program were followed indicate the concentrations
on-site and downwind of the site on the day of sanpling were
below available ambient air guidelines and well below the OSHA
and EPA Units for occupational exposure using the conversion
provided by Nicholson. Sanpling conditions on 21 August 1987
represent dry summer conditions. Hind speeds on the day of
sanpling were light to moderate and conparable to the previous
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' ' Rounds. The potential of a release of asbestos fron exposed
areas of piles is greatest under dry windy conditions. Extensive
vegetation on the piles nay have reduced the wind speed at the
ground surface and therefore decreased the the potential for
entrainment of asbestos fibers. It can be qualitatively stated
based on the third round results that the potential for
entrainment of asbestos during most of the late spring, summer,
and early fall months is minimal as a result of vegetation on and
around the piles. The results of the first two rounds performed
in mid winter and early spring indicate that a high moisture
content is maintained in the naterial on the piles, greatly
reducing the potential of entrainnent of asbestos fibers from the

. exposed areas.

V of Ambient Air Asbfifitofl SanDlinci

The following conclusion can be nade based on the analytical
results summarized in this section:

Concentrations (<0. 01-0. 09 f/cc) slightly above
background upwind samples were detected in some samples
from the exposed areas of the Locust Street and Plant
Piles. The concentrations detected were below or
slightly greater than the ambient air guidelines
(0.03-0.04 f/cc) compiled by Chatfield and below the
equivalent concentration equal to the OSHA limit for
occupational exposure using the conversion provided by
Nicholson. In nany sanples, the concentrations were
too low and the fiber lengths to snail to differentiate
between impacts due to background sources and the
exposed areas of the pile.
Consistently higher concentrations (conpared to other
on-site source locations) were detected in the area of
the filter bed lagoons. Mass per volume concentrations
(8.74-11.73 ng/n?) higher than the equivalent OSHA
linit of 0.2 f > 5 um/cc were detected in this area.
Potential sources of the higher concentrations may be
surfaces around the lagoons that have come into contact
with contaninated water or sediments in the lagoons,
disturbance of gray fibrous naterial around the
lagoons, and/or the manufacturing operation adjacent to
the lagoons.
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o concentrations higher than those detected on the
exposed areas of the piles were detected in the middle
of the Nicolet facility and near the reservoir on Maple
street. Potential sources in these areas may be the
disturbance of dust or materials that were deposited in
these areas from past manufacturing operations.

o Concentrations detected at potential receptor locations
downwind of the site could not be differentiation from i
upwind concentrations from off-site sources such as
brake linings or off-site disposal areas. The results
of the air sampling therefore did not indicate a
measurable impact above background levels to downwind !
ambient air due to on-site potential sources.

o The results of Round III (August 21, 1987) of the
Source/Receptor air sampling under which the most
stringent analytical protocols and favorable sanpling
conditions (followed 5 days of dry weather) indicated |
that both on-site and off-site ambient air conditions
were below the ambient air guidelines. The results
indicated no neasurable inpact to ambient air at |
potential downwind receptor locations due to potential
on-site sources. ^

î
5.1.3.3 Personnel Air Sampling '

Personnel air samples were collected during waste pile boring
construction (i.e., 18-23, 26 March 1987, 1-3, 5-6, 13-15 April
1987, and 4 May 1987). Personnel air sanples were collected
using Gillian air pumps in accordance with sampling procedures
described in Appendix A of OSHA's construction standard for
asbestos (29 CFR 1926.58). Personnel samples were analyzed for
asbestos using PCM analytical techniques described in Appendix A
of the OSHA standard.

The results of the PCM analysis of personnel air aanples are
presented in Table 5-11. The results indicate that the
concentrations detected in the personnel air sanples were below
the OSHA linit of 0.2 f(>5 um)/cc for occupational exposure. The
pile materials possess a high natural moisture content which
limits the release of asbestos fibers. No visible emissions were
observed during the drilling or test pit operations.

5-60
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5.1.4 SURFACE WATER

5,1,4,1 Filter Bed Layoons fContents and Discharaal

The existing settling basins and filter bed lagoons have been
used throughout most of the operating life of the plant, In the
past, the lagoons have received wastewater from boiler blowdown,
the solvent recovery decant operation, and the millboard and
monolithic press operations. As late as 1982 it was reported
(PADER-NPDES Inspection Report) that the lagoons continued to
receive wastewaters containing asbestos from the millboard and
monolithic press operations.

Surface water samples were collected at up and downgradient
locations and at the discharge point of the lagoons. Sanples
were tested for asbestos and HSL compounds (volatile conpounds,
base/neutral/acid extractables, pesticides/PCBs, netals and
cyanide). The purpose of sanpling and testing the lagoons was to
determine if the lagoon and its discharge contained other
contaminants in addition to asbestos and if the discharge was
impacting Wissahickon creek. Analysis for HSL organics and
inorganics was included as a result of information on past
discharge practices which included solvent decant and also due to
an organic solvent odor detected during the initial site visit
and during the RI in the area of the lagoons. Surface water
samples were collected on January 15, 1987 (HSL organics and
inorganics) and on March 30, 1987 (asbestos). The locations
where lagoon surface water samples were collected are shown on
Figure 5-6. pH of all the three surface water samples were found
to be in the range of 6.0 to 7.5.

5.1.4.1.1 HSL Mataln and Cyanide Results fLagoon Samples) ~
Three (3) surface water samples fron the filter bed lagoons and
one (1) field blank were analyzed for HSL metals and cyanide.
One (1) duplicate sample was included in the three lagoon
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TABLE 5-11
PERSONNEL AIR SAMPLING RESULTS

••em ——————— .. - .
Total Fiber Concentration

Sample Number Sanple Date f>5

PAR-100-01 3/18/87 0.01
PAR-100-02 3/19/87 0.004
PAR-100-03 3/20/87 0.009
PAR-100-04 3/21/87 *
PAR-100-05 3/22/87 0.006
PAR-100-06 3/23/87 0.002
PAR-100-07 (Blank) 3/26/87 ND
PAR-100-08 (Blank) 3/26/87 ND
PAR-100-09 4/1/87 ND
PAR-100-10 4/2/87 0.0004
PAR-100-11 4/3/87 0.01 .
PAR-100-12 4/5/87 0.003
PAR-100-13 4/6/87 0.001
PAR-100-14 4/13/87 0.02
PAR-100-15 4/14/87 0.003 I
PAR-100-16 (Blank) 4/1S/B7 ND f
PAR-XOO-17 (Blank) 5/4/B7 .U2.M«.«M

(1) Fibers greater than 5 microns per cubic centimeter. I
* Sample contained heavy debris and could not be analyzed. .
ND • non-detect ' '

o
I
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O samples. Table 5-12 summarizes the concentrations of 11 HSL
metals detected in the lagoon surface water samples. Table 5-12
also presents the MCLs, MCLGs and ambient water quality criteria
for the inorganic parameters detected. Individual discussions of
HSL netals detected and the complete analysis summary in the
lagoon surface water samples are presented in Appendix B.

The following HSL netals were detected in the lagoon surface
water samples: aluminum, barium, calcium, copper, iron,
magnesium, manganese, potassium, silver, sodium and zinc.
Calcium (43,200 ug/1), magnesium (12,600 ug/1) and sodium (45,100
ug/1) were found at concentrations relatively higher than the
other HSL metals. The source of high concentrations of calcium
and magnesium in the surface water is process water from the
manufacturing of asbestos products where magnesia was used as a

' binder. There are no ambient water quality criteria for calcium
or magnesium. Calcium and magnesium are, however, included in

,_J the Federal drinking water standards for Total Dissolved Solids
(TDS) . The total concentration of calcium and magnesium detected
was 56 ug/1. This combined total is well below the drinking
water standard of 500 ug/1 for Total Dissolved Solids (TDS) .

Copper, iron, maganese, silver and zinc were found at concentra-
tions below the secondary MCLs. Barium was detected at concen-
trations below the MCL. The maximum concentration of aluminum
(200 ug/1), potassium (1,550 ug/1), and sodium (45,100 ug/1) in
the lagoon samples were lower than the relevant Total Dissolved
Solids (TDS) standard ot 500 mg/1 (500,000 ug/1). Cyanide was
not detected in any of the lagoon surface water samples.

5.1.4.1.2 Volatile Compounds Results fLaooon Samples! — Three
(3) surface water samples from the filter bed lagoons, one (1)
field blank and one (1) trip blank were analyzed for HSL volatile
organic compounds. One (1) field duplicate was included in the

5-63
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surface water samples. Table 5-13 summarizes the concentrations
of HSL volatile compounds detected in lagoon samples. Individual
discussions of the volatile compounds detected are presented in
Appendix B.

Only toluene was detected in the surface water at levels below
the detection limit. The estimated concentrations of toluene
(2-3 ug/1) detected in the lagoon samples were below the MCLG
(2000 ug/1).

5.1.4.1.3 Semi-volatile fBase/Heutral/Acid Extractablel Oraanics
Results fLagoon Samples) — A total of three (3) surface water |
samples from lagoons, and one (1) field blank were collected and '
analyzed for semi-volatile organics (base/neutral/acid
extractables). One (1) field duplicate was included in the I
surface water samples. No semi-volatile organics were detected
in the three lagoon surface water samples. Cj

5.1.4.1.4 Pesticidea/PCB8 Results (Laooon Samples! — Three (3) i
surface water samples from lagoons, and one (l) field blank were
analyzed for pesticides/PCBs. Two (2) field duplicates were |
included in the three lagoon samples. Pesticides/PCBs were not
detected in any of the lagoon surface water samples. ,

5.1.4.1.5 Asbestos Results (Lagoon Samples! — Three surface
water samples fron the filter bed lagoons were taken and analyzed
for asbestos by transmission electron microscopy (TEM). One
duplicate was included in these samples. Table 5-14 summarizes
tha number of fibers counted and concentrations of chrysotile
fibers detected in the lagoon surface water sanples.

The lagoon surface water contains asbestos fibers (chrysotile) at
concentrations ranging from 1.0 x 10* million fibers per liter
(MFL) to 2.0 x 10* MFL. For those sanples, about 231 of the (J

5"66

I{ the page filmed in thit frame it not at teadable..ot legible. a4 thl*
label, It 14 due to AubAtandand colon on condition o{ the otlglnal page.i



if*) TABLE 5-13

HSL Volatile Compounds Detected in Lagoon Samples

Constituent
Concentration (ug/1)

Sample No. Description Toluene
AAP-SWL-001-01 Upstream lagoon 2 J
AAP-SWL-ooi-02 Field Blank u
AAP-SWL-002-03 Upstream lagoon U
AAP-SWL-002-04 Duplicate of 002-03 3 J
AAP-SWL-002-05 Trip Blank U

KEY: u - Indicates compound was analyzed for but not detected
(minimum detection limit shown in Appendix B).

B - Analyte was found in blank as well as in sample.
J - Estimated value; compound was less than the specified

detection limit but greater than zero.

O

u
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number of fibers counted exceeded 2.5 microns (urn) in length. ,
The downstream lagoon surface water sample contained chrysotile
at a concentration (2.0 x 10* MFL) greater than the of upstream
lagoon surface water sample (1.0 x 10* MFL). This indicates that |
the upstream filter bed lagoons may not be filtering the asbestos
from the water and therefore, may not be operating effectively. I
The source of asbestos in the filter bed lagoons is from process
wastewaters discharged to the lagoons. The asbestos concentra- i
tions found in the lagoon sanples are higher than the proposed '
EPA drinking water criteria of 7.1 MFL for asbestos fibers
exceeding 10 urn in length and significantly higher than the I
ambient water criteria of 0.3 MFL corresponding to a lifetine
risk of 10-5. j

5.1.4.2 Soill Event

On March 3, 1987 a brown stringy naterial was observed behind a Cj
containment boon below the discharge point of the filter bed
lagoons and large underground box culvert. The origin of the box ,
culvert is not known however it is suspected that open grates
within the Nicolet Manufacturing facility drain into the culvert.
Samples were collected on the day the spill was observed to
compare with results of previous surface water and sediment
sanples taken in the lagoon and drainageway, If previous spills
had occurred, the contaminants detected in samples from the
March 3, 1987 spill event should also have been detected in the
surface water and sediments taken on January 15, 1987. If tha
contaminants detected at the boon were not found in the lagoon
the source would then be the box culvert. The Nicolet facility
is scheduled to be closed and sold in the near future., Future
spills of this type, if originating fron the Plant, are therefore
not anticipated.

I
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The spill consisted of a brown stringy naterial that floated on
the surface and created an oil sheen on the water surface. Two
surface water samples behind the boon, two surface water sanples
downstream of the boom in the drainageway, and one surface water
sanple from the lagoon were taken and analyzed for HSL organics
only. One trip blank was also analyzed for HSL organics. A
sanple of the brown stringy naterial (floating solids) was also
taken and analyzed for HSL organics. Absorbant material was also
observed floating on the surface behind the boom and along the
drainageway. The absorbant material was sampled and analyzed for
asbestos.

Tables 5-15 and 5-16 present the concentrations of HSL volatile .
compounds and semi-volatile compounds, respectively, detected in
the surface water sanples and in the floating solid sample taken ;
during the spill event.

O
5.1.4.2.1 Volatile Compounds Results —

Aaueous Samples fSpill Event> '
1,1,1-trichloroethane and benzene were detected in the surface
water samples at estimated concentrations or concentrations below j
the detection limit. The concentration of benzene was estimated
to be 9 ug/1. This is above the MCL of 5 ug/1 and the MCLG of j
0.0 ug/1. Volatile organics detected in the surface water
following the spill event were not detected in previous lagoon
and drainageway surface water or sediment samples. '

Floating Solid* Sample (Spill Event! |

Although 4 volatile conpounds, namely, mathylene chloride (3,700 '
ug/1), acetone (6,000 ug/1), ethyl benzene (3,100 ug/1) and total
xylenes (3,900 ug/1) were present at relatively high concentra- j
tions, their presence was also detected in the method blank. f
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TAKE 5-15

HSL Volitllt Coapoundi DitKtri In lurfeci mtir
md Fluting Solid Iwplii (Spill Evmt)

.̂........... conttltumt conctntritlon (ug/l> •••—•—>
1,1,«•

Trlchloro- Ethyl Totil
laicit No, Dncrlptlon tthim g«um Tolumt Hnjtnt Xylmn

AtUEOUS SAMPLES

AAP-IVL-OM-or Drilmg<i«x u u u u U
AW-W.-006-05 Dnlmgimy 2"J U U U U
MP-W.-005-M DoNngndlmt of boom u 9 J u U U
AAP-SM.-OM-02 Upgndlmt of booa U U U U U
MR-gVL-OOI-01 Ligoon U 1 J U U U
AAP-SVL-OOr-06 Trlpgiink U U U U U

SXID IAWLE <............ comtltumt Concentntlon (ug/kg) •••••••••»

AAP-W.-OM-03 SBivli (Floating Sol ld») U U U 31001 3900 g

o
Kiy; U • Indlcitn coapouid MI amlyztd for but not dttKttd (•InlMi dit«tlon Milt ihowi In

«fpmdl« I).

g • tnilyti KM found In tht Mthoo blank M mil 11 In molt,

J • EitlMttd vilut,- coapound MI (MI thin thi iptcifltd dttictlon ll*lt but grtitir than
itro.

o

5-71

I{ the page filmed in thit {tame 14 not a4 teadable^ot. Ieglblê ,44.,t<il4i;
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ŝi

Se
ep
te

Bu
eb
er

33333 .,sasss

33333 a
t- •*•••• r*

3.333 ,
•• N •• W

1

aS>l°a:> |

33333 _aaaaa

a a 2 a a aFI

33333 _aaaaa

33^33 3

•»

! }
tirr s
J J 1 X piiil! i

ssaies s

uili I

O

i
i
i

i i
•1 'i ,
** £• i

12 ©
S|
j{ - i
5*
i!il
il

ll

!fi s}i *

!! ! o:
= •• 8i ? '

„, "1300355 !
[$'' ir the page 'filmed In thl4 {tame 14 not <4 ...—————...,.,.̂.,_ŵ-.
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Therefore, their presence is probably due to laboratory
contamination.

5.1.4.2.2 Samivolatila Orcranics Raiultn fBNAal fSaill Event) ~
Table 5-16 summarizes the concentrations of HSL Semivolatile
compounds detected in the surface water samples and the floating
solid sample taken during the spill event. Each compound is

! discussed individually in Appendix B.

Aouaoua Samples

Nine (9) Semivolatile compounds were present at estimated levels
at or below the detection limits in the surface water samples

A taken during the spill event. 2-methylnaphthalene, acenaphthene,
* fluorene and phenanthrene were detected in the sample located

behind the containment boom. The Ambient Water Quality Criteria
Q for carcinogenicity protection of human health is below the

detection limit for the semivolatile compounds detected in this
sample. These compounds were, however, not detected in the
lagoon surface water, sediments or drainageway surface water
sampled at a previous date. 2-Methylnaphthalene, acenaphthene
and fluorene were detected in the upstream sediment sample by
Butler Pike at concentrations of 14,340 and 500 ug/kg
respectively. Acenaphthene and fluorene were detected at
concentrations slightly greater (420 and 660 ug/kg) in sediment
downgradient of the box culvert in the drainageway.
Pentachlorophenol was detected (540 ug/kg) only in a sedimant
sample at the convergence of the drainageway and Hissahickon
Creek. The result indicates the presence of semivolatiles also
detected during the spill event in the drainageway sediment
however the source appears to be the box culvert or off-site and
not from the piles or the lagoon.

O

flR300356
I{ the page filmed In thl4 {tame 14 not a4 teadable .ot legible a4 thl4
label, It 14 due to 4ub4tandatd colot ot condition o{ the otlglnal page.



Section: 5
Revision: 2
Date: August 1988
Page: 74

Floatin Solids Sample

2-methylnaphthalene at an estimated concentration of 17,000 ug/kg
(below the detection limit) and phenanthrene at an estimated |
concentration of 13,000 ug/kg (below the detection limit) were
the only two semivolatile compounds detected in the solid sample I
(i.e., 004-03).

5.1.4.2.3 Pesticides/PCBs Results (Spill Event! — Five (5) *
lagoon surface water samples and one (l) floating solid sample
were taken during the observed spill event and analyzed for i
pesticides/FCBs. Pesticides/PCBs were not detected in either the
lagoon water samples or the floating solid sample. '

5.1.4.2.4 Aabastos Results (Spill Event! — The absorbant
material sample, taken during the spill event, was analyzed for
asbestos by polarized light microscopy (PLM) dispersion staining O
technique. Asbestos was not detected in this sample.

5.1.4.3 Site Surface Hater and Wisaahickon Creek

standing surface water by the eastern toe of slope of the Plant
Pile and in the drainage ditch leading from the storm sewer
outlet on the Locust Street Pile was sampled and analyzed to
determine if runoff or seepage from the piles were impacting site
surface water and if contaminants (asbestos, organic and
inorganic) were present in at concentrations that represented a
potential public health and environmental concern, site surface
water samples were collected on January 15, 1987 (HSL organics '
and inorganics) and on March 30, 1987 (asbestos).

Hissahickon Creek was sampled at three locations (i.e., upstream,
downstream and at the site) to determine if asbestos from the
lagoons and/or seeps and scouring from the piles are impacting Q
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the Creek. Surface water samples were also taken from the
tributaries that flow past the East and Hest Maple Street Piles
where exposed millboard and fibrous material was observed along
the banks of the tributaries. Sample locations are shown on
Figure 5-6. Samples were analyzed for asbestos using the EPA
Interim Method for Determining Asbestos in Hater by TEM.

5.1.4.3.1 HSL Metals and Cyanide Results (Standing Hater
samples! — A total of seven (7) surface water samples were taken
from ponded water in the flood plain, at the top of the Plant
Pile, from the drainage ditch originating from the storm sewer
that outlets at the toe of slope on the Locust Street Pile, and
from the drainageway that flows into Hissahickon creek. These
samples included three (3) surface water samples (i.e.,
SS-006-07, SS-003-03 and SS-003-04) taken at the discharge from
the storm sewer pipe that receives storm water from Locust
street, runs beneath the Locust Street Pile and discharges at the
toe of the southern side slope of the pile, These three samples
were found to have a pH between 10-11 and contained a white
chalky substance, believed to be calcium carbonate that might
have seeped into the storm sewer pipe from the Locust Street
Pile. These samples included one field duplicate. Table 5-17
presents the concentration of HSL metals detected in the standing
surface water samples. Individual discussions of the HSL netals
detected are presented in Appendix B.

Nineteen (19) HSL metals were detected at low concentrations in
the surface water samples taken at the Ambler site. Antimony,
arsenic, selenium, thallium and cyanide were not detected in any
of the surface water samples.

Calcium (118,000 ug/1), magnesium (147,000 ug/1) and sodium
(39,800 ug/1) were found at concentrations relatively higher than
the other HSL metals. The presence of calcium and magnesium in

I{ the page filmed In thl4 {tame 14 not at teadable ,ot legible at tki4
label, It A4 due to 4ub4tandatd colot ot condition o{ the otlglnal page.



Section: 5
Revision: 2
Date: August 1988
Page: 76

the site surface water can be attributed to the process waters
discharged into the filter bed lagoons that discharge to the
drainageway. In the absence of ambient water quality criteria
for barium, calcium, iron, magnesium, and manganese, the drinking |
water standards are utilized for comparison purposes. A total
calcium and magnesium concentration of 136 mg/1 was detected in I
the surface water sample (SS-002-02) located at the downstream
drainageway. This is below the drinking water limit of 500 mg/1 j
for Total Dissolved Solids (TDS) which includes calcium and '
magnesium. Barium was found in seven (7) standing surface water
samples at concentrations ranging from 65 ug/1 to 360 ug/1, which I
are lower than the Maximum Contaminant Level (MCL) of 1,000 ug/1
developed under the Safe Drinking Hater Act. Iron and manganese
were present at concentrations exceeding EPA Secondary Drinking
Hater Standards. However, the surface water at the site is not
used as a direct drinking water source.

O
Silver (9 ug/1) and zinc (26 ug/1 to 110 ug/1) were detected in
all surface water samples at levels well below their MCLs of 50
ug/1 and 5,000 ug/1, respectively. Aluminum (68 ug/1 - 27,800
ug/1) and sodium (4,680 ug/1 - 39,800 ug/1) were found in all the
surface water samples. Potassium was also detected at
concentrations ranging from 3,850 ug/1 to 30,900 ug/1 in six (6)
surface water samples. The relevant standard for drinking water
is the Total Dissolved Solids (TDS) standard of 500 mg/1
(500,000 ug/1).

Lead was detected in four (4) surface water samples (i.e.,
55-002-02, 003-03, 004-05 and 006-07 at concentrations of 20
ug/1, 10 ug/1, 120 ug/1 and 38 ug/1, respectively). These
concentrations, with the exception of stagnant water sample
(SS-004-05) located in the flood plain south of the Locust Street
Pile and the service road, are lower than the ambient water

O
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quality criteria of 50 ug/1 for lead. The presence of lead above
the ambient water quality criteria in only one location
statistically does not indicate a potential impact to site
surface water from an on-site source, copper was found in three
(3) surface water samples (i.e., SS-002-02, SS-004-05 and
SS-006-07 at concentrations of 24 ug/1, 73 ug/1 and 13 ug/1,
respectively). These are well below the ambient water quality
criteria of 1,000 ug/1 for copper.

Beryllium (2.2 ug/1), cadmium (8.6 ug/1), chromium (39 ug/1),
cobalt (25 ug/1), nickel (42 ug/1), and vanadium (58 ug/1) were
also detected in one stagnant water sample (SS-004-05) located in
the flood plain south of both the Locust Street Piles and the
service road. Cadmium and chromium concentrations in the above
mentioned surface water sample (SS-004-05) are lower than the
ambient water quality criteria of 10 ug/1 and 50 ug/1,
respectively. No water quality criteria, either ambient or /~si\̂ -
drinking water standards, are available for cobalt and vanadium
at this time. Nickel concentration in the above surface water
sample (SS-004-05) was higher than the ambient water quality
criteria of 15.4 ug/1. There is no primary or secondary drinking
water standards available for nickel at this time. Beryllium,
for which no drinking water standard is available, was present in
the surface water sample (SS-004-05) at a concentraiton higher
than the ambient water quality criteria of 0 ug/1. Mercury (0.3
ug/1) was only detected in one surface water sample (sso-003-03)
located at the storm sewer discharge that runs under the Locust
Street Pile. This concentration is lower than the ambient water
quality of 2 ug/1 for mercury.

In summary, with the exception of iron, lead, manganese and
nickel, the remainder of HSL metals detected in the standing
water at the Ambler site were present at levels below the MCLs,
MCLGs and ambient water quality criteria. Lead (120 ug/1) and

5-78
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nickel (42 ug/1) were present at concentrations exceeding their
ambient water quality criteria in one standing water sample
located at the south of both the Locust Street Pile and the
service road. Iron and manganese were detected at concentrations
exceeding the EPA Secondary Drinking Hater Standards in most of
the standing water samples.

5.1.4.3.2 Volatile Compounds Results — A total of seven (7)
surface water samples were taken and analyzed for volatile
organic compound (VOCs). One field duplicate was included in
these samples. No volatile compounds were detected in the
standing surface water samples.

i
5.1.4.3.3 Semivolatile Organica fBNAs) Results — A total of
seven (7) surface water samples were taken and analyzed for
aemivolatile organics. one field duplicate was included in the'se

O samples. Semivolatile organic compounds were not detected in any
of the standing surface water samples.

i
: 5.1.4.3.4 Pasticidea/PCBs Results — Seven (7) standing surface

water samples taken at the site were analyzed for pesticides/
PCBs. A field duplicate was included in those samples.
Pesticides/PCBs were not detected in any of the site surface
water samples.

5.1.4.3.5 Asbeitoa Results fWissahickon Creek and Standing Hater
sanplMl — A total of eight (8) surface water samples from

i Hissahickon Creek, the drainagevmy from the filter bed lagoons,
and off-site locations near the tfast Maple Avenue Pile and Hest
Maple Avenue Pile were taken ami analyzed for asbestos by
transmission electron microscopy (TEM). These surface water
samples were taken following a stccm event. Results presented
here, therefore, represent a worst sase condition due to scouring

j and run-off from the piles. Table >-18 summarizes the number of
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f\
1 fibers counted and the concentrations of chrysotile fibers

detected in the creek and standing water samples.

The highest concentrations of chrysotile fibers (8.7 x 103 MFL
and 4.5 x 103 MFL) were found in the surface water samples taken
from the tributaries near the East Maple Avenue Pile (ST-001) and
Hest Maple Avenue Pile (ST-013). The visual observation of
exposed areas both on the Hest Pile and East Pile during the aite
survey and the present samples analysis confirm that the Maple
Avenue Piles are off-site sources of asbestos.

The furthest downstream filter bed lagoon surface water contained
chrysotile at a concentration of 2.0 x 104 MFL. Chrysotile was
detected at concentrations of 2.5 x 103 MFL and 184 MFL in the

, surface water samples located at the discharge from lagoons
(DR-004) and downstream in the drainageway (DR-006),

, .-\ respectively. For each of these samples, about 15% of the number
'* of fibers counted exceeded 2.5 urn in length. The concentration

of chrysotile in the downstream drainageway surface water is
about one order of magnitude lower than that of surface water at
the discharge from lagoons which is in turn an order of magnitude
lower than that found within the lagoons. This indicates that
the asbestos fibers decrease in concentration along the
drainageway and become further diluted when entering Hissahickon
Creek.

The concentrations of chrysotile in the surface water samples
taken from Hissahickon Creek at three locations; near the south-
western side of the Locust street Pile (ST-002), about 800 feet
downstream from the above location (ST-005), and further
downstream below the discharge of the drainageway into the Creek
(ST-007), were 52 MFL, 450 MFL and 199 MFL, respectively. For
these three samples about 22%, 23* and 35%, respectively, of the
number of fibers counted, exceed 2.5 urn in length. The lowest
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concentration of chrysotile (52 MFL) was found in the surface
water sample located at the Creek near the Locust Street Pile.
The results indicate that the slope of the Locust Street Pile
that borders Hissahickon Creek is not a potential source of
asbestos release into the Creek. This is supported also by the
visual observations made during the site surveys as presented in
Section 4. The area between the Locust Street Pile and the Creek
contains perennial streams which received overflows from the
creek and run-off fron Locust Street Pile during a storm event.
Also, during the site survey, asbestos pipes were found in these
streams, since the Creek sample (ST-005) was located at the
merging point of these streams with the Creek, asbestos at
relatively higher levels would be expected in this sample. The
concentration of asbestos fibers detected in the furthermost
downstream sample located below the drainagway discharge was less
than the concentration upstream of the discharge indicating
little or no Impact to the stream from potential on-site sources.
Dilution of fiber concentration appears to occur along the
drainageway and within Hissahickon Creek. Clearly, the two
tributaries that flow past the Maple Street Piles contribute
greater concentrations of asbestos than the on-site sources
(filterbed lagoon and site runoff).

The concentrations detected in Hissahickon Creek are above the
EPA Drinking Hater Criteria of 7.1 MFL for asbestos fibers
exceeding 10 urn in length, as outlined in 40 CFR 141. EPA's CAG
estimated that water concentrations of 300,000 fibers/1, 30,000
fibers/1 and 3,000 fibers/1 would result in increased lifetime
cancer risks of 10-5, io~6 and 10-7, respectively (50 FR 46961).

Chrysotile was detected at a low concentration of 0.09 MFL in the
trip blank. Also, chrysotile concentrations in the surface water
samples were about one to two orders of magnitude higher than
that of the field blank (31 MFL) Therefore, the presence of
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chrysotile in the surface water cannot be attributed to
laboratory contamination, but is due to on-site sources (piles
and lagoons) and off-site sources (Maple Street Piles) of
asbestos.

5.1.4,4 Summary and Conclusions - Surface Hater Sampling and
Analysis

5.1.4.4.1 Filter Bed Lagoons /Contents and Discharge) ~ The RI
sampling and analysis program indicates that the asbestos
filter bed lagoons contain asbestos at concentrations ranging fron
1.0 x 10* MFL to 2.0 x 10* MFL (average 1.5 x 10* MFL). For
thesa samples, about 23% of the number of fibers counted exceeded
2.5 microns in length indicating the presence of large fibers.
The lagoon discharge contained asbestos concentrations of 2.5 x
103 MFL and about 2,4% of the total number of fibers counted '
exceeded 2.5 microns in length. The NPDES Permit issued on July
30, 1977 stipulates that there shall be no discharge of any
asbestos particles longer than five (5) microns in length.

With regard to the chemical constituents present in the lagoons
and discharge, the only constituents found which appear to be
site related were aluminum, bariun, calcium, copper, iron,
magnesium, manganese, potassium, silver, sodium and zinc.

5.1,4.4.2 spill Evant — The analysis of surface water samples
taken, following the observed spill event (March 3, 1987) behind
the containment booms at the discharge of filter bed lagoons,
indicates the presence of volatile and semi-volatile compounds.
The Ambient Hater Quality Criteria for Carcinogenicity Protection
of Human Health are below the detection limits for the
•emivolatile compounds detected in the surface water, These
compounds were however not detected in the lagoon sampled at a

I previous date. The semivolatiles detected in the surface water
after the spill event were detected in the sediment upstream of
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the site and in the drainageway. The source of these compounds
ia suspected of being from the plant through discharges in the
large box culvert and not from the lagoons or piles.

5.1.4.4.3 On-Site Standing Hater
i

Chrysotile was detected at a concentration of 184 MFL in the
surface water sample located at the downstream drainageway. i
Sixteen (16) percent of the total number of fibers counted in '
this sample exceeded 2.5 microns in length. The surface water
sample taken from the storm sewer discharge on the Locust street
Pile contained chrysotile at a concentration of 3.7 x 102 MFL and
about 8% of the total number of fibers counted exceeded 2.5 !
microns in length. The possible potential source of asbestos in
this sample are (a) runoff from the exposed area of the Locust i
Street Pile and (b) seepage from the pile that has infiltrated
into the sewer pipe. According to the EPA Ambient Hater Quality Q
Criteria, water asbestos concentration of 0.3 MFL results in
increased lifetime cancer risk of io~5. i

Hith the exception of iron, lead, manganese and nickel, the
remainder of HSL metals were present at levels below their ARARs
in the standing water samples and in the drainageway surface
water samples which flows into Wissahickon Creek. Iron and
manganese were present at concentrations exceeding EPA Secondary
Drinking Hater Standards. No HSL organics were detected in these
samples.

5.1.4.4.4 Off-Site Surface Hater — Chrysotile was found at
concentrations of 8.7 x 103 MFL and 4.5 x 103 MFL in the surface
water samples taken from the tributaries that flow beside the
East and Hest Maple Avenue Piles, respectively. Approximately,
41% and 16%, respectively, of the total number of fibers counted
in these samples exceeded 2.5 microns in length. These results r,
indicate that scouring of the East and Hest Maple Avenue Piles by
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'f the tributaries that flow beside them impact Hissahickon creek.
In nummary, the two Maple Avenue Piles are off-site sources of
asbestos that impact Hissahickon Creek.

5.1.4.4.5 Hiasahickon Creek — The concentration of chrysotile
in Hissahickon Creek surface water samples range from 52 MFL to
450 MFL. The lowest concentration of chrysotile (52 MFL) was
found in the surface water sanple located at the creek near the
Locust Street Pile. This indicates that the slope of the Locust
Street Pile that borders Hissahickon Creek cannot be identified
as a potential source of asbestos release into the Creek that is
measurable above upstream off-site sources. The surface water
sample located at the downstream Hissahickon Creek (off-site
sample) detected chrysotile at a concentration of 199 MFL with
about 6% of the total number of fibers counted exceeding 2.5
microns in length. This concentration is less than the

—N concentration detected in the upstream sample, indicating that
the impact to Hissahickon Creek as a result of on-site sources
(filter bed lagoons and site runoff) cannot be differentiated
from the impact to the creek from off-site sources (Maple Street
Piles and asbestos material in the flood plain area). Dilution

> of fiber concentrations appear to occur along the drainageway and
within Hissahickon Creek. The concentration in the downstream
creek sample exceeds the EPA Ambient Hater Quality Criteria,
which estimates that water asbestos concentration of 0.3 MFL
results in increased lifetime cancer risk of 10"5. The proposed
EPA drinking water criteria is 7.1 MFL for asbestos fibers
exceeding 10 urn in length.

5.1.5 SEDIMENTS

Sediments from Hissahickon Creek, asbestos settling basins,
filter bed lagoon and drainageway were sampled and tested to
investigate whether there exists a present or potential adverse

^ inpact to the Creek, possibly as a result of large storm erosion
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and/or scouring of the piles or lagoon area. Samples were
collected on 29 January 1987 to (organics and inorganics) and 30
March 1987 (asbestos). Locations where sediment samples were
collected are shown on Figure 5-7. Sediments were tested for
asbestos and HSL compounds (i.e., volatile compounds,
base/neutral/acid extractables, pesticides/PCBs, metals and
cyanide).

5.1.5.1 HSL Metals and Cvanide

A total of eight (8) sediment sanples were taken from the
filter bed lagoons, the drainage way, and the creek and analyzed
for HSL metals and cyanide. One field duplicate was included in
the sediment samples, One field blank (rinse water sample) was
also analyzed for HSL metals and cyanide. Table 5-19 presents
the concentrations of HSL metals detected in the sediment samples
and field blank.

Mean concentrations of elements (HSL metals) in samples of soils
from the Eastern United states, as estimated by USGS, are also
presented in Table 5-19. These background concentrations are
used for comparing with the HSL metals concentrations detected in
sediment samples at the Ambler site, A detailed discussion by
individual parameter pertaining to concentration distribution in
the sediments is presented in Appendix B.

Twenty (20) HSL metals were detected in the sediment samples
taken from the filter bed lagoons, the drainageway and the creek.
Sodium, thallium and cyanide were not detected in any of the
sediment samples. Aluminum, potassium and vanadium were present
at levels below the background soil concentrations reported by
USGS. Cobalt was detected at a concentration of 10 mg/kg only in
the upstream creek sediment sample (006-07). This concentration
is about two times higher than the background soil concentration
of 5.9 ng/kg for cobalt. The presence of cobalt only in one
sediment sample located upstream in Hissahickon Creek indicates
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that cobalt is originating from off-site sources not related to
the Ambler site. Beryllium was found in three sediment samples
located upstream in Hissahickon Creek (006-07) in the drainageway
(003-03) and in the downstream filter bed lagoon (002-02) at
concentrations of 0.56 mg/kg, 0.53 mg/kg, and 1.5 mg/kg,
respectively. The downstream lagoon sediment sample beryllium
concentration was higher than the USGS background soil
concentration of 0.55 mg/kg for beryllium.

Antimony, calcium, copper, iron, magnesium, manganese, nickel and
zinc were present in all the sediment samples at concentrations
above the background soil concentrations as estimated by USGS.

. The highest concentrations for all the HSL metals detected were
found to be those of sediments located in the filter bed lagoons.
This indicates an accumulation of HSL metals in the sediments of
the lagoon.

•—\
..s

Mercury was not detected in any of the sediment samples. Arsenic
was present at concentration ranging from 0.8 mg/kg to 18 mh/kg

> in all eight sediment samples. These concentrations, except for
the sediment sample located at the drainageway downstream of the
lagoon (18 mg.kg) are lower than the USGS backgroung soil
concentration of 4.8 mg/kf.

Barium, chromium, lead, and selenium were detected in all eight
• sediment samples. Hith the exception of the sediment sample (335

ng/kg) in the downgradient lagoon, the concentrations of barium
for all sediment samples are lower than the USGS background soil
concentration of 290 mg/kg. All sediment samples, except the
upgradient (46 mg/kg) and downgradient (200 mg/kg) lagoon
samples, detected chromium at concentrations lower than the USGS
background soil concentration of 33 mg/kg for chromium. The
concentration of lead in all sediment samples exceeded the USGS

i background soil c'oncentration of 14 mg/kg for lead. Cadmium wan
present in all sediment samples at concentrations ranging from

5-89
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1.2 mg/kg to 3.6 mg/kg. silver was detected only in the sediment i
samples located in the asbestos settling basin and the downstream I
filter bed lagoon at concentrations of 10 mg/kg and 5.7 mg/kg,
respectively. Mean background soil concentrations for cadmium |
and silver have not been estimated by USGS.

The maximum concentrations of cadmium (3.6 ug/kg) and lead (179
mg/kg) were obtained from the sediment samples taken from the I
storm sewer outlet on the Locust Street Pile. The storm sewer
outlet is located at the toe of the southern side slope of the i
Locust Street Pile. Along this southern side slope, metal I
containers (empty) and other scrap metal were observed.

Calcium (177,000 mg/kg), magnesium (40,400 mg/kg) and iron
(15,000 mg/kg) were found at concentrations relatively higher )
than the other HSL metals. The presence of calcium, magnesium
and iron at elevated levels in the sediments can be attributed to *̂*«••'
past and present manufacturing operations that discharge process/
cooling water into the filter bed lagoons. As compared to the .
downstream creek sediment sample (005-06) (located at the
confluence of the drainageway and the creek), higher concentra-
tions of HSL metals were found in the upstream creek sediment [
sample (006-07). Also, HSL metal concentrations in the
downstream creek sediment sample were lower than that of |
drainageway sediment samples indicating a dilution of HSL metals
in the drainageway. j

Moreover, the analysis of surface water samples taken at the .
corresponding sediment locations in tha filter bed lagoons and the I
drainageway detected HSL metals at concentrations lower than the
MLCs (barium), secondary MCLs (copper, iron, maganese, silver and |
cine), and Federal Drinking Hater Standard (Total Suspended Solid
- includes calcium, magnesium, aluminum, sodium and potassium). j

O
I
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I 5,1.5,2 Volatile Compounds Results (Sediment Samples!

A total of ten (10) samples were taken for analysis of volatile
organics, These samples consisted of 1 field blank, 1 trip blank
and eight (8) sediment samples. One (1) duplicate was included
in the eight sediment samples. Table 5-20 summarizes the
concentrations of volatile organics detected in the sediment
samples. Individual discussions are presented in Appendix B.

Two (2) volatile compounds (carbon disulfide and 2-butanone) were
detected in the sediment samples taken from the filter bed
lagoons, the drainageway and the creek.

Carbon disulfide was detected at a concentration of 15 ug/kg in
only one sediment sample (002-02) located in the downstream
lagoon. 2-butanone was detected at a concentration of 92 ug/kg

*""> in only one sediment sample (003-03) located in the upstream
drainageway.

5.1.5.3 Semivolatile Organics (BHAsl Results

Eight (8) sediment samples from the filter bed lagoons, the
drainageway, Hissahickon Creek, and one field blank were analyzed
for semivolatile compounds. The field blank contained only one
semivolatile compound, namely, bis(2-ethylhexyl)phthalate at a

: low concentration of 8.2 ug/1. Tables 5-22, 5-23 and 5-24
i summarize the concentrations of semivolatile organics detected in

the sediment samples. Individual discussions are presented in
Appendix B.

Twenty-two (22) semivolatile compounds were detected in the
sediment samples. The filter bed lagoon sediment samples
contained phenanthrene (260 ug/kg), fluoranthene (240 ug/kg),

• pyrene (370 ug/kg) and bis-2-ethylhexylphthalate (580 ug/kg).
2-methylnaphthalene (74 ug/kg) was detected in only

flR30037l»
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the upstream creek sediment sample (006-07), pentachlorophenol
(540 ug/kg) was detected only in the downstream creek sediment >
sanple (005-06) , where the drainageway flows into Hissahickon .
Creek, and di-n-butylphthalate (210 ug/kg) and di-n-octyl- |
phthalate (630 ug/kg) were detected only in the upgradient (30'
from lagoon discharge) drainageway sediment sample (003-03) . J
Phenol was detected in three sediment samples and the maximum
concentration of phenol (76 ug/kg) was found in the sediment I
located at the lagoon discharge (004-05 and 004-04) . Maximum
concentration of acenaphthene (420 ug/kg) was found in the
upstream drainageway sediment sample (003-03) . N-nitrosodi-
phenylamine was only detected in the downstream creek and the
storm sewer drainage ditch sediment samples (005-06 and 007-08)
at concentrations of 75 ug/kg and 270 ug/kg, respectively.
Fluoranthene was found at concentrations ranging from 240 ug/kg
to 11,000 ug/kg in all the sediment samples. Higher
concentrations of most of the semivolatiles detected in the ^
sediments samples wera found in the sediment (007-08) from the
drainage ditch that carries flow from the storm water pipe that
outlets on the southern toe of slope of the Locust Street Pile to
the drainageway and sediment (003-03) in the drainageway ,
downstream of tha discharge of this ditch and the filter bed
lagoons. These results indicated a potential source upgradient
of the drainage ditch for the storm sewer. The source (s) may be
either on-site (Locust Street Pile) or off-site (storm water from
community northast of Locust Street Pile) .

i
The presence of semivolatiles in tha upstream sediment sampla
(006-07) indicates potential off-site sources of these compounds '
found in the creek sediments. The concentration of all
sanivolatile compounds detected in tha downstream sampla at tha
confluence of the drainageway and Nissahickon Creak are below the

O
t
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concentrations detected in the upstream sample. Semivolatiles
were not deteced in the surface water samples taken on January
15, 1987.

Seven of the ten semivolatile compounds detected in the
drainageway surface water samples following the spill event on
March 2, 1987 were also detected in the drainageway sediments.
This spill event could not however be the source of semivolatiles
detected in the sediment sample taken a month before the observed
spill. The results indicate a similar spill originating from the
underground box culvert could have occurred previously impacting
sediments along the drainageway. The observed spill event,
however, represents an incident and not a continued condition.
Future potential spills of this type, if originating from the
plant, are unlikely since the facilities are planned to be sold.

5.1.5.4 Pasticides/PCBs

Eight (B) sediment samples taken from the filter bed lagoons, the
drainageway, and the creek, one (l) field blank and one (l) trip
blank were analyzed for pesticides/PCBs. One field duplicate was
included in the sediment samples. Table 5-25 summarizes the
concentration of pesticides/PCBs detected in sediment samples.

4,4-DDE, 4,4-DDD, and 4,4-DDT were found at an estimated
concentration below the detection limit of 160 ug/kg in all the
sediment samples. Aroclor-1254 was detected at a concentration
of 250 ug/kg in only one sediment sampla located in the
downstream creek sample (005-06). since the surface water
samples taken from the drainageway and stagnant watar pools at
the site detected no pesticides/PCBs, it can be concluded that
the low concentrations of pesticides (DDE, ODD, and DOT) and
Aroclor-1254 below the standard detection linit in tha sediment
samples do not appear to impact the area surface watar.

I {the page filmed In thl4 {tame 14 not at teadable ,ot legible. a4 thl4
label, It it due to tubttandand colon on condition o{ the otlglnal page.



a s

tl

il

mi

3333 3833 £

8388 8883 •:' . S

! l| g
3 i333S 3833

iisii
Hi! i)

B 5888 88&8 § SSI §i§9 ii|i i i§a aaaa aaaa . aa
S Uia Illl I U

i IN

S 3t s

1

, s

ue g

Ic
et
ea

nd
lm
*)
.

ia
et
ed
 v
el ti
o

US J
I I 0
3 •• 3
S

n

ol
5-98 /1R3G038I

:'••• I{_ the page filmed In thl4 {tame 14 not a4 tead«blê >t. Iegl6l«.,a4.tfci4̂ i 0?i;
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5,1.5.5 ftpbestos

A total of twelve (12) sediment samples were taken from filter bed
lagoons, Hissahickon creek, drainageway, and off-site locations
near East Maple Avenue Pile and Nest Maple Avenue Pile and ware
analyzed for asbestos by polarized light microscopy (PLM)
disperbion staining technique. One field duplicate was included
in these sediment samples. Table 5-26 presents the various types
of asbestos (chrysotile, Amosite and Crocidolite) detected in the
sediment samples. The review by the data validator stated that
there was a possibility of false positive results for low levels
(<5t). Asbestos concentrations detected below 51 are reported as
<5t.

Chrysotile

Q Chrysotile was detected in eight (8) sediment samples. All the
three (3) sediment samples located in Nissahickon Creek did not
contain chrysotile. The absence of asbestos in tha sediment
sample (ST-002) located in the creek near the southwestern side
of the Locust Street Pile indicates that the Locust Street Pile

: is not releasing asbestos into the creek. Further, these results
confirm that the creek sediment samples are not sources of
asbestos.

The upstream and downstream lagoon sediment samples contained 5%
of chrysotile. This would be expected because tha lagoons
received process wastewatars in the past from tha millboard
•achinas and the monolithic press operations. The only process
wastawatar received at present is non-contact cooling watar from
the sheet gasket machines. Therefore, the filter bed lagoons are
the on-sita potential sources of asbestos.

*~" AR300382
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'-' Chrysotile was detected in the sediment samples located at the
discharge from lagoons and the downstream drainageway at <5t.
However, since the results for sediment samples containing <5t of
any type of asbestos were questioned by the validator with
respect to qualitative and quantitative identification due to
analysis deficiency and incomplete documentation by the
laboratory, the asbestos concentrations for these samples are
questionable.

Tha highest concentration of chrysotile (401) was found in the
sediment sample (ST-013) located in the tributary near the Hest
Maple Avenue Pile. The sediment sample from the tributory near
the East Maple Avenue Pile contained chrysotile at a
concentration of St. During the site survey (Phase 1A of field

I investigation program), exposed areas were observed on both the
East Pile and Hest Pile from Maple Street. This visual

"N observation and the present sediment sample analysis confirms
~' that the Maple Avenue Piles are potential off-site sources of

asbestos.

Aaosite

Amosite was detected at «lt only in the duplicate sediment
sample (LG-010) at the downstream lagoon. The presence of
amosite is questionable due to deficiencies in analysis as
outlined in tha Quality Assurance (QA) data review.

CrocidolitB

Crocidolite was found at <5» only in tha sediment sampla (ST-013)
located near Hest Maple Avanua Pile. Here again, as discussed
aarliar, the results are questionable due to deficiencies in
documentation by the laboratory.

O
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Summary

A concentration of 40% chrysolite was found in the sediment
sample located in the tributary near Hest Maple Avenue Pile. The :
sediment sample taken from the tributory near the East Maple
Avenue Pile contained chrysotile at a concentration of 51. This
confirms that the Maple Avenue Piles are off-site potential
sources of asbestos as evidenced by the presence of asbestos.
The filter bed lagoons are on-site potential sources of asbestos
aa evidenced by the presence of asbestos (5t) in the lagoon
sediments. The Hissahickon creek sediment samples are not
sources of asbestos, since asbestos was not detected in them.
Tha presence of asbestos in the discharge from lagoons and in the •
drainageway at less than 5* is questionable due to deficiencies
in documentation and analysis by the laboratory as outlined in i
tha QA data review.

~\
W

5.1.5.6 Summary and Conclusions — Sediment Sampling and
Analysis

Tha results of the RI sampling and analysis of sediment samples ,
indicate the following:

o HSL metals above mean background levels reported by the
USGS ware detected in the lagoon sediments and in
sediments at tha discharge of tha storm sewer pipe on
tha Locust Street Pile and in tha drainagaway below the
discharge fron this storm sewer and tha lagoons. Tha
source of HSL metals in tha drainageway may either be
from tha lagoons or the storm sewer which receives
run-off from the community northeast of tha Locust
Streat Pile and from tha southern side slopa of tha
Locust Street Pile. Nearly all concentrations of HSL
metals detected in the sediments in tha drainage at
tha confluence with Hissahickon Creak wara below the
upstream creek sediment samples,

o Semivolatiles wera detected in most of tha sediment
samples' collected. The highest concentrations wara i ,
detected in sediments at the discharge of tha Bt̂ rjr.nC!̂ ,
sewer on the Locust Streat Pila and in tha drai&gMay" '
downgradient of the discharge from this storm sawar.

5-102
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I The potential sources of semivolatiles in the storm
sewer sediments are (l) from runoff from the community
northeast off the Locust Street Pile, (2) runoff from
the exposed southern side slope of the Locust Street
Pile, and (3) from infiltration into the sewer pile
from the Locust Street Pile.

o Asbestos was detected in the filter bed lagoon
sediments and is a potential source of asbestos found
in the surface water in the lagoons, drainageway and in
Hiasahickon creek. If the lagoons are drained upon
Nicolet's sale of the plant, the exposed sediments
could become a source of airborne asbestos. No
asbestos was detected in the Hissahickon Creek sediment
sample downstream of the site and below detection
limits in the drainageway.

5.1.6 SOIL BORINGS

Soil boring samples were analyzed to obtain data to characterize
the piles from a compositional aspect (i.e., type and
distribution of the waste) in order to evaluate the potential

y short and long term public hialth and environmental concerns
posed by the piles and to facilitate identification of remedial
alternatives, Soil boring samples were collected during the
period from 18 March 1987 through 24 April 1987. Four soil
borings were installed on the Plant Pile (i.e., Bl through B4);
eight soil, borings were installed on the Locust Street Pile
(i.e., B5 through B12). Sample point locations are illustrated
on Figure 5-8. Samples were analyzed for asbestos, HSL compounds
(i.e., volatile compounds, base/neutral/acid extractables,
pesticides/PCBs, metals and cyanide), and EP toxicity metals.

, 5.1.6.1 EP Toxicity Metals

A solid waste exhibits the characteristic of Extracting Procedure
(EP) toxicity (as defined in 40 CFR 261 Subpart C) if tha extract
from a representative sample of the waste contains any of the
contaminants listed in Table 5-5 at a concentration equal to or

^J greater than the respective value given in Table 5-5. The waste

5-103
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is classified as non-hazardous in terms of EP toxicity if the
contaminant concentrations as below the limits given in
Table 5-5.

A total of fifty-nine (59) samples were taken for EP Toxicity
metals analysis. These samples consisted of 5 field blanks, 1
decontamination water and 53 soil samples. Four (4) duplicates
were included in the soil samples. Table 5-26 summarizes the
concentrations of EP toxicity metals detected in the 59 soil
boring samples. Individual discussions on each EP toxicity metal
detected in the soil samples are presented in Appendix B.

1 Seven (7) EP toxicity metals were detected in the EP toxicity
leachate from the soil boring samples from both the Locust Street
and Plant Pile at low concentrations below tha EP toxicity .

.'"> limits. Silver was not detected in any of the soil boring
samples. Barium and lead were detected at low levels in more
than 70% of the soil boring samples, whereas only 10% of the

I samples contained arsenic, cadmium, chromium, mercury and
selenium at relatively low concentrations.

Arsenic was detected at concentrations ranging from 5 ug/1 to 27
ug/1 in four (4) EP toxicity leachate soil boring samples located
in the Locust street Pile and one (1) soil boring sample located
in the Plant Pile. Three of these five samples were taken at an

, average depth of 2'-4' and the remaining two soil borings
correspond to samples at a depth of 30'-37'. The presence of
arsenic can be attributed to the cinders, ash and slag which were
deposited into the piles from the coal fired boiler used at the
Xaasbey and Mattison plant. The cinders and slag wara used to
construct the berms that contained the calcium carbonate slurry
waste. However, these concentrations of arsenic are below the EP

, . toxicity limit of 5,000 ug/1 tor hazardous waste criteria.
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Barium was found at concentrations ranging from 200 ug/1 to 5,060 • • •
ug/1 in soil boring EP toxicity leachage samples located in both
the piles. The highest concentration of barium (5,060 ug/1) .
observed was for soil boring B2 at a depth of 40 '-42', located in [
the Plant Pile. Cadmium was detected at a concentration of 7.1
ug/1 in only one soil boring leachate sample (BIO - 2 '-4') I
located in the Locust Street Pile. There is a reasonable
agreement between the present cadmium results and the past I
analysis of the pile samples conducted by the Department of '
Landscape Architecture and Regional Planning, University of i
Pennsylvania, Philadelphia in September 1977 in which cadmium was '
detected at concentrations ranging from below detection limits to
9.1 ug/1. {

Chromium was found only in two soil boring EP toxicity leachate
samples, one in the Plant Pile (i.e., B4 - 70'-71' at a •
concentration of 40 ug/1) and one in the Locust Street Pile •~s,
(i.e., B5 - 2'-4' at a concentration of 11 ug/1). Lead was
detected at concentrations ranging from 1.5 ug/1 to 794 ug/1 in
thirty-five (35) soil boring leachate samples. :

In an earlier investigation conducted by the University of
Pennsylvania in 1977, lead concentrations in the range of 20 ug/1
to 930 ug/1 have been reported for the pile samples. This
compares wall with tha present results for lead. However, these
concentrations are below the EP toxicity limit of 5,000 ug/1.

Mercury was detected at concentrations ranging from 0.21 ug/1 to
3.4 ug/1 in five (5) soil boring EP toxicity leachata samples.
The highest concentration of mercury (3.4 ug/1) was found in tha
soil boring sampla (B4 - 4'-6') taken from tha Plant Pile. Tha j
decontamination water sampla contained concentration of 0.49
ug/1. Decontamination watar was taken from fire hydrant on
Locust Street and was used for decontaminating the field sampling
equipment throughout the field investigation.
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Selenium was found at a concentration of 7.4 ug/1 in only one
soil fcoring leachate sample (B9 - 20'-22') located in the Locust
Strant Pile, However, concentrations of mercury and selenium
detected in the soil boring leachate samples are well below the
EP toxicity limits of 200 ug/1 and 1,000 ug/1, respectively.

The concentrations of arsenic, cadmium, chromium and selenium
detected in the leachate extracted soil boring samples at the
Ambler site are lower than both the EP toxicity limits and the
maximum contaminant levels (MCLs) set by the Safe Drinking Hater
Act. Barium, lead and mercury were detected at concentrations
higher than the MCLs set by the Safe Drinking Hater Act but lower
than the EP toxicity limits for hazardous waste criteria.
Concentrations of barium, lead and mercury detected in on-site

i and drainageway surface water samples were below tha MCLs for
these metals. (One exception was lead detected at 120 ug/1 in'a

'•̂j sampla taken from ponded water in the flood plain area south of
the Locust street Pile). Therefore, it can be concluded that in
terms of EP toxicity the waste material of the Locust Street and
Plant Piles is classified as non-hazardous. Infiltration through
the piles may, however, reach shallow recharge water that flows
through the shallow fractured bedrock and into Hissahickon Creek.
EP toxicity analysis, which is a leachate extraction process,
provides data on the potential impact ot pile runthrough to the
shallow recharge waters.

5,1.6.2 HSL Metals

A total of sixteen (16) samples were taken and analyzed for HSL
metals. These samples consisted of 5 field blanks, 1
decontamination water and 10 soil samples. The concentration of
HSL metals detected in these 16 samples ara summarized in
Table 5-27.

O

5-109 HR30Q392

/»J»e P.*?* iit*td in thit {tame 14 not at teadable ..ot legible at thit.
label, At A4 due to 4ub4tandatd colot ot condition o{ the otlglnal pale. '



TAILC 5-27

HIl Nttili Ditictid In loll lorlng Smpltt

t.... ...................... CONSTITUENT CONCEHTMTION («g/kg) ........... ••.»..—
iwpli No, Dncrlptlon Alunlnu* Antimony Antnlc girlin CioMui Cilclua, Chronlw Coppir

SOLID IANPLEI

AAP-SI-12-12 IMpll 15'. 17' 1490 J 75 25 U U
AAP-SI-12-13 SMpli 49>>47' 1210 J 58 U U 3.9
AAP-U-12-13 Siapli 20>-22' 194 J 55 U U U
AAP-U-M-14 IMpll 45'-47' 1010 J 51 U U 11 J
AAP-H-19-19 luell 65«-67' 24600 J 40 U U U
AAP-M-U-13 lupll 10'-12' 6200 J 75 II U U U
AAMI-IM4 iHDli S5'-57' 1350 J 99 H U U U
AAP-M-U-13 taBll 10'-I2' 6340 J 90 ft U U U
AAP-H-U-14 SOTli 93'-57' 1060 J 60 1 U U U
AAP-H-P6-06 IHBll 10'-12' 8130 J 74 II U U U

MATIP, IANPLEI*

AAP-SI-12 FIlldllH* 160 U U U 4
AAP-N-U-10 Mild llw* U U U U U
AAP-M-19-10 FIlldllH* U U U U U
AAP-N-112-10 FIlldllH* U U U U U
AAP-SI-P1-10 FIlldllH* 213 U 1.3J 4.3 U
AAP-M-P1-12 OteonWitir 126 U U 39 U

« Nun Uckground loll 33000 0.52 4.1 290
Concmtritlon • lutirn Unltid ititn•••••••••••••••••••••»••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

128000 J 133
342000 J 9.7
332000 J 10
343000 J 9.3
37100 J 24
109000 J 133
324000 J 12
134000 J 50
341000 J U
139000 J 139

6890 U
385 U
U U

431 U
109 U

63200 13

3400 33

29
U
Uu
21
111
U
72
U
11

U
Uuuu
16

13
••••••

PjapliNo. Oncrlptlon Lud Htgnttlw Nmginni Ntrcury Nlckil PotiulM lodlw Vmidlui

ML ID IANPLII

AAP-N-12-12 toll 15--17' 59 91700 J 444 J U 500
AAP-N-12-13 liapli 43'-47> 10 36800 j 210 J U 29
AAP-M-12-13 Unit 20'-22< U 39400 J 307 J U U
AAP-H-M-14 twplt 49'-47' 4.3 J 42000 j 196 J U U
AAP-N-15-15 taBll 65'-67< 36 11400 i 319 J 1 U
AAP-N-M-13 taali 10'-12' 60 120000 1 339 J 0.25 440
AAP-N-17-14 Sopli 55' -37' U 63500 J 291 J U U
AAP-M-U-13 liaplt 10--12' 11 41400 j 267 J 0.32 196
AAP-H-U-14 MBit 55' -37' U 44900 j 272 J U U
AAP-M-P6-06 l«pll 10'-12> 10 113000 J 364 J U 590

UATM lANPLII*

AAP-M-12 Fltld lltnk U 1340 11 J U U
AAP-M-M-10 Fllltl llmk U U U U U
AAP-M-19-10 Fllldllai* U U U U U
AAP-M-112-10 Mildllmk 1.5 131 U U 52 J
AAP-M-P1-10 Mild llmk 9 1 m 6.9 0.2 11
AAP-M-P1-12 DKon Uttir 6.6 J 39200 13 J 0.49 U

*» Hun iMkiround toll 14 2100 260 O.U1 11
Concantritlon • Enttrnunlttd ititn

413 551
321 421
101 302
IK 371
1110 297
553 276
324 216
1660 497
220 440
1350 540

351 J 166
620 J 974

U U
2140 J U

U 14M
U 24500

12000 2500

109 K
U
U
U
U
U
U
U
U
U

Uuuuu
7

43

1

1

0
Iron

16000 J
2400 t
2230 J
19MIU
14500 1
13600 J
2570 J
9450 J
2360 J
17200 J

525
U

131
107
311

712 J

. 14000
••••••••«

Zinc

134
13
12
U
37
225
14

7330
U
35

13nuu
22

91 J

40

Kiyi U • Indlcim coipound KM tntlyitd for but not dtttttid (alnlaw dttKtlon Malt diowi In Appmdl* A).
1 • litlMMd vilut; coapound NM'IMI than tht utclfltd dttKtlon Unit but grutir Him iiro. /'
1 • outllty control Indlcitn thit ditt in unuiibli (coapound My or My not prtitnt). MiiapUng and rimlyiU lt>.
K • Antlytt prnant. Htpocttd vilut My bt blind hllfl. Actml v«lut U mptcttd to bt lontr,

•

1

^

_/'

1

f

1

i
• Unlti of concentration irt ui/l.
M U.I. Otoloileil Mrvty Profmloml Pipir 1270 (1964).
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' Mean concentrations of elements (HSL metals) in samples of soils
from the eastern United states, as estimated by USGS, are also
presented in Table 5-27. These background concentrations are
used for comparing with the HSL metals concentrations detected in
the soil boring samples from both the Locust Street and Plant
Piles at the Ambler Asbestos site.

Seventeen (17) HSL metals were detected at low levels in the soil
boring samples from both the Locust street and Plant Piles.
Aluminum, antimony, calcium, iron, magnesium, manganese,
potassium and sodium were found in all the soil boring samples.
Copper and nickel were detected at relatively low levels in five
(5) soil samples. Zinc was detected in seven (7) soil samples
and vanadium was found in only 1 soil sample. Barium, beryllium,
cobalt, selenium, silver, and thallium were not detected in any
of the soil boring samples.o
Vanadium (109 mg/kg) was detected in only one soil sample (B2-12)
located at a depth of 15'-17' in the Plant Pile. Antimony (90
mg/kg), potassium (1,660 mg/kg), and zinc (7,330 mg/kg) maximum
concentrations were found in the sample B8-13, copper (118 mg/kg)
and magnesium (120,000 mg/kg) maximum concentrations were found
in the sample B6-13, and iron (17,200 mg/kg) and nickel (590
mg/kg) maximum concentrations were detected in sample P6-06. All
these three samples were located at a depth of 10'-12'.
Manganese (444 mg/kg) and sodium (551 mg/kg) maximum
concentrations were found in the sample B2-12 located at a depth
of 15'-17'. Maximum concentration of aluminum (24,600 mg/kg) was
detected in sample B5-15 at a depth of 65'-67' and the maximum
concentration calcium (343,000 mg/kg) was found in sampla B4-14
located at a depth of 45'-47'.

Aluminum, potassium and sodium were detected in all the soil
boring samples at concentration lower than the corresponding USG
reported mean concentrations in soils from the Eastern United

5-111
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States. Calcium, magnesium and iron were found at concentrations I
relatively higher than the other HSL metals in the soil boring
samples from both the Locust street and Plant Piles, The i
presence of calcium, magnesium and iron at elevated levels in the
piles is most likely attributable to the depleted calcium/ ,
magnesium carbonate process waste found in both piles. t

Araensic (25 mg/kg) was detected in only one soil sample (B2-12) j
located at a depth of 15'-17' in the plant pile at a concentratio
lower than the corresponding USGS reported mean concentration
(4.8 mg/kg) in soils from the eastern United states. Cadmium was
detected at concentrations of 3.9 mg/kg and 11 mg/kg in the soil
boring samples from the Plant Pile. A mean background soil
concentrations for cadmium has not been estimated by USGS.
Chromium, lead, and mercury were detected in tha soil boring, i
samples at concentrations higher than the corresponding USGS -,
reported mean concentrations. However, the EPA toxicity laachata x->'
from tha corresponding soil boring samples did not contain
cadmium, chromium, and mercury, and lead was detected at '
concentrations wall below tha EP toxicity limit of 5,000 mg/kg.
This indicates that the migration potential for HSL metals via i
infiltration through the piles appears to be low. As presented
in Section 5.14, the drainageway surface watar samples and tha
standing water samples at the Ambler site detected HSL metals at
levels below the Hater Quality Criteria.

i
5.1.6.3 Cyanide

I

A total of forty-three (43) samples wara analyzed for cyanide. '
These samples consisted of 4 field blanks, 1 decontamination |
watar and 38 soil samples. Cyanide was detected in only 5 soil '
samples (i.e., BIO-03, BIO-07, B5-05, B5-02 and B5-08 at
concentrations of 0.54 mg/kg, 0.64 mg/kg, 0.45 mg/kg, 0.81 mg/kg i
and 0.91 mg/kg) located in Locust Street Pile and not detected in ^

RR300395
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the Plant Pile soil samples, Cyanide was not found in the field
blanks and decontamination water. Table 5-28 lists the soil
sample locations and cyanide concentrations detected in these
samples. These concentrations are well below the federal
regulation (40 CFR 261 Subpart C) of 250 mg/kg for cyanide
reactivity.

5.1.6.4 Volatile Compounds

Thirty-nine (39) soil sanples, five (5) field blanks, nine (9)
trip blanks and one (1) decontamination watar ware analyzed for
HSL volatile organic compounds. Three (3) field duplicates were

, included in the soil samples. Tables 5-29, 5-30 and 5-31 summa-
rize the concentrations of volatile compounds detected in the

I soil boring samples. The results of individual volatile com-
pounds detected in the soil samples are discussed in Appendix B.

O
Thirty-one (31) volatile organics were detected in the soil
boring samples from both the Locust Street and Plant Pile. Most
of those volatile compounds (21) were also present in the trip
blanks and laboratory blanks at comparable levels. Therefore,
tha presence of many volatile compounds in soil boring samples
are attributable to laboratory contamination. Volatile
compounds, namely, vinyl chloride, chloroethane, carbon
tatrachloride, bromodichloromethane, trans-l,3-dichloropropane,
dibromochloromathane, cis-1,3-dichloropropane, tatrachloroethane,
1,1,2,2-tetrachloroethane and ethylbenzene, believed to be
present wara found in lass than lot of the pile waste samples.

5.1.6.5 Semi-Volatile Organics (BNA's)

A total of thirty-six (36) soil samples, six field blanks, and
one decontamination water sample wara analyzed for semivolatile

-,.) organic compounds. These field duplicates were included in the
soil samples. Tables 5-33 and 5-34 summarize the concentrations

5-H3 ARS00396
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TABLE 5-28 '"' >

CYANIDE DETECTED IN SOIL BORING SAMPLES

Sample
HUBbar Description-Location Cyanide, ma/ka

AAP-SB-B10-03 Sample 4'-6' 0.54 J

AAP-SB-B10-07 Sample 15'-17' 0.64 J

AAP-SB-B5-05 Sample 35'-37' 0.45 J

AAP-8B-B5-02 Sampla 2'-4' 0.81

AAP-SB-B5-08 Sample 50'-52' 0.91 J

Key: J - Estimated value; compound was lass than tha specified
detection limit but greater than zero.
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of semivolatile organics detected in the soil boring samples and
field blanks.

Twenty-six (26) semivolatile organic compounds were detected at
low concentration on twenty-eight (28) soil samples located at
the Plant Pile and Locust Street Pile, semivolatile organics
ware not found in the following eight (8) soil samples: Bl-05,
Bl-12 (55'-57'), B2-03 (25'-27')» B2-06 (50'-52')» B2-09
(25'-27')» BB-08 (50'-52'), B9-12 (45'-47') and P2-02 (2'-4').
Ona of tha field blanks (B6-10) contained lower concentrations of
phenol (10.4 ug/1), benzyl alcohol (10-2 ug/1), 4 chloro-3-
methylphenol (4.3 ug/1), diethylphthalate (2-7 ug/1), di-n-butyl-
phthalate (0.5 ug/1) and bis-2-ethylhexylphthalate (7-5 ug/1).
Di-n-octylphthalate was detected at a concentrations of 290 ug/1
in the field blank PI-12. Since these concentration were lower
as compared to the contaminant concentration found in the soil

O samples, tha presence of semi-volatile organics in the waste
piles cannot be attributed entirely to cross-contamination of the
split spoons.

I
Bis-2-ethylhexyphthalate was detected in 601 of the soil boring
samples. The highest concentration of bis-2-ethylhexyphthalate
(69,000 ug/kg) was found in the soil boring sample (Bll-05)
located at a depth of 35'-37' in the Locust street pile. 35% of
the soil samples contained di-n-butylphthalate, the maximum
concentration (280 ug/kg) of which was detected in the soil
sample (B1U-03) located at a depth of 20'-22' in the Locust
Streat pila. Di-n-butylphthalate was not detected in the soil
boring sanples taken from the Plant Pile. Diethylphthalate was
detected in 20% of the soil boring samples, all of which wara
located in the Locust Street Pile. The soil boring sanple B6-03
at a depth of 10'-12' contained the maximum concentration (226,8
ug/kg) of diathlphthalate.

O
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About 15% of the soil boring samples contained phenol,
4-methylphenol, phenanthrene, fluoranthene, pyrene, and chrysene
at low concentrations. The maximum concentration of phenol (95.2
ug/kg) was detected in the soil sample B7-06 located at a depth
of 35'-37' in the Locust street Pile. The maximum concentration
of 4-methylphenol (45 ug/kg) was found in the soil sample B6-05
located at a depth of 20'-22' in the Locust Street Pile.
Phenanthrene was detected at a maximum concentration of
1,500 ug/kg in the soil sample B2-02 located in the Plant Pile at
a depth of 10'-12'. The maximum concentrations of phenanthrene
(1,500 ug/kg), fluoranthene (1,100 ug/kg), pyrene (1,700 ug/kg),
and chrysene (1,900 ug/kg) were detected in the soil boring
sample B2-02 located at a depth of 10'-12' in the Plant Pila.

Kapthalene (1,300 ug/kg), acenaphthylene (98 ug/kg), dibenzofuran
(420 ug/kg), fluorena (59 ug/kg) and dibenz(a,h)anthracene
(59 ug/kg) were only found in one soil sanple (B5-03) located at ^
a depth of 15'-17' in the southern portion of the Locust Street
pile, where mostly solid wastes were deposited. 2-methylrophtha-
lene was detected only in two samples (i.e., B5-03 (15'-17') and
B8-02 (4'-6') at concentration of 200 ug/kg and 140 ug/kg).
N-nitrosodiphanylamine was found in two soil sanples, BllA-03
(20'-22') and B11A-05 (35'-37')f at concentrations of 370 ug/kg
and 270 ug/kg. Only two soil samples (i.e., B2-02 (10'-12') and
B5-03 (15'-17')) detected anthracene at concentrations of 400
ug/kg and 94 ug/kg, respectively. Di-n-octylphthlata was found
in three soil sanples (i.e., Bl-07 (35'-37')( B8-OS (30'-32'),
and B9-09 (45'-47') at concentration of 210 ug/kg, 100 ug/kg and
420 ug/kg). Tha maximum concentrations of benzo-n-fluroanthena
(1,200 ug/kg), banzo-b-fluoranthana (1,300 ug/kg),
banzo-k-fluoranthene (1,300 ug/kg), and benzo-a-pyrana (1,200
ug/kg) wara detected in the soil sample B2-02 located at a dapth
of 10'-12' in the Plant Pile. Indano (1,2,3 cd) pyrana was
prasant in two soil samples, B5-03 and PI-04 (4'-6'), at (j
concantration of 84 ug/kg and 95 ug/kg, respectively. .
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Benzo(g,h,i)perylene was detected at a maximum concentration of
160 ug/kg in the soil sample B5-03 located at a depth of 15'-17'
in the Locust Street pile. The greatest total concentration of
aemivolatiles were detected in B5-03 (15'-17') and B2-02
(10'-12'). B5-03 was taken from the southern portion of the
Locust Street Pile and consisted of cinders and slag. B2-02 was
taken from the Plant Pile and consisted of gray fibrous naterial
and some cinders. The source of the semivolatiles found in these
and other waste pile samples is nost likely the cinder and slag
naterial that was used to construct the berms of the piles and
originated from the plant's coal-fired boiler.

5.1.6.6 Pasticides/PCBs

i A total of thirty-six (36) soil boring samples were taken fron
the Plant Pile and Locust Street Pile and analyzed for

,O pesticides/PCBs. Three (3) field duplicates were included in
these soil samples. Five (5) field blanks and one (l)
decontamination water were also analyzed for pesticides/PCBs.
Table 5-34 summarizes the concentrations of pesticides/PCBs
detected in soil boring samples. Pesticides/PCBs ware not found
in any of the field blanks and decontamination water.

Two (2) soil boring samples (B4-04 and B4-08) located at depths
of 25'-27' and 55'-57' in the Plant Pile contained low
concentrations of gamna-BHC, aldrin, dieldrin, endosulfan sulfate
and 4,<-DDT. Heptachlor was detected at concentrations ranging
from 4.94 ug/kg to 60 ug/kg in seven soil samples from the Plant
Pile and Locust Street Piles. Endrin was found at a
concentration of 24 ug/kg in only one sample (B4-04) from the
Plant Pile located at a depth of 25'-27'. Endrin ketone was
detected at a concentration of 32 ug/kg in the soil sample (i.e.,
B4-08) located at a depth of 55'-57' in the Plant Pile. Only one

{J sample (i.e., BIO-06) located at a depth of 35'-37' in the Locust
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ug/kg, As discussed in an earlier section, pesticides/PCBs were
not detected in any of the surface water samples taken from the
drainageway and standing water pools at the site.

5.1.6.7 Asbestos Distribution in the Locust Street and Plant
Piles

Selected split spoon samples taken from various depths in the
borings and piezometers presented on Figure 5-8 were analyzed for
asbestos by Polarized Light Microscopy (PLH). Samples were
selected from each visually different stratum in order to

. characterize the materials in the piles in terms of asbestos
content. PLH results are given in percent asbestos fiber type
(chrysotile, amosite, crocidolite, and ternolite asbestos fibers)
on a nass/nass basis.

O ' •
Five (5) field blanks were taken of the third dionized water
rinse dring decontamination of the split spoons. The results of
the analysis of the rinse/field blanks indicate concentrations of
19.8-824 million fibers per liter (MFL) or 0.2 to 21.1 micrograms
per liter (Hg/L). Although these results indicate a potential
for cross contamination of the split spoon samples. The snail

i quantity of asbestos fibers present on the decontaminated split
spoons would not appreciably effect the results of the PLM
analysis. This is due to the difference in asbestos analysis
used for liquid blank samples compared to solid waste samples.
Liquid blank samplas were analyzed by Transmission Electron
Microscopy (TEH). The sensitivity (detection level) of TEH is
orders of nagnituda higher than PLH analysis. The source of
contanination in the field blank could also be attributed to tha
decontanination water that was used to initially claan the split
spoons using a pressurized spray. The decontanination water

5-127
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taken from a fire hydrant on the corner of Locust and Center
Streets was analyzed by TEH and found to contain .72 HFL of
asbestos fibers.

A summary of the validated results of the asbestos analysis on
samples taken fron the piles is presented below. Validation of
the data indicated a possibility of false positives for low
levels (<5%) of asbestos fibers reported in a given sample.
Samples found to consist of less than 5% of asbestos are reported
as <5%.

Locuet Street Pile

The distribution of asbestos in the Locust straet Pile, baaed on
the analysis of split spoon samples taken fron the nine borings
and four piezometers drilled in and around the pile, is ' ^
summarized in Table 5-35 and Figure 5-9. Table 5-35 summarizes O
the results of each sample taken from the Locust Street Pile by
depth interval. Figure 5-9 is a graphical presentation of depth
vs. concentration of total asbestos fibers (chrysotile, anosite,
crocidolita, and trenolite).

The results of tha sanpling and analysis prograa for asbestos
concentrations in the Locust street Pile has indicated tha
following:

o No asbestos was found in tha soil samples taken from
tha piezometers located in the former playground araa
(PI), sawar right of way (P3), and south of tha filter
bed lagoons (P2) (see Figure 5-8). These results
conf in tha observations of tha site survey regarding
tha extant of tha piles. Tha extant of tha Locust
Street Pila is generally defined by tha toe of tha pile
slope except where it extends to the Plant antranca
road and into tha sawar right of way near test pit
TP-2A (saa Figure 4-2) as described in Section 4.0.

O
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Analysis of sanples taken from the surface (0'-4') of
the Locust Street Pile indicate that the highest
concentration of asbestos fibers occurs on the
uncovered large plateau area. Concentrations of 35%
amosite and 5 to lot chrysotile asbestos fibes were
detected in sanples from borings B6 and B7 (see Figure
5-8). These concentrations conpare to 5-101 chrysotile
and ot anosite detected below the 6-8 inch soil cover
in borings BIO and Bll located in the southern portion
of the pile. No asbestos was detected in boring B12
fron 1-4 ft (soil cover extends to 8 inches below the
surface) below the surface located at the top of the
western side slope of the pile, adjacent to Hissahickon
Creek. These results correspond to the analytical
results of the 1983 EPA/ERT/TAT sanpling and testing
program (see Subsection 3.4.8) of the twelve surface
sanples taken from the Locust street Pile during this
1983 program. The two highest concentrations of
asbestos were detected in sanples taken from the large
plateau area. Anosite fiber concentrations of 35-401
and chrysotile 0-81 were detected in these two sanples.
Samples taken from the side slopes of the pile (pile
was uncovered at that time) ranged from 0-3t amosite'
asbestos fibers. No chrysotile fibers were detected.
No asbestos was detected from a sample taken on the
side slope that runs parallel to Hissahickon Creek.
Similar results were found in the 1983 NUS FIT sanpling
and testing program (See Subsection 3.4.7). However,
the 1983 NUS FIT program did detect low concentrtions
(3t amosite and 5t chrysotile) in material taken from
the side slope near the former playground. No asbestos
was detected in samples from the side slope in the 1983
EPA/ERT/TAT sampling program.
As presented in Figure 5-9, the concentration of
asbestos in the Locust Street Pile decreases with
depth. However, distinct strata are not clearly
identified throughout the entire pile. As wai
discussed in Section 2.0 regarding the construction of
the Locust Street Pile, the southern portion of tha
pile (sea Figure 1-5) is composed of primarily solid
waste including cinders, bad production runs, and metal
debris. Tha concentration of asbestos varies in this
portion of the pile but was not detected below a depth
of 35 ft. Below this depth, spent calcium/magnesium
carbonate was encountered in borings B5, Bll and B11A.
Bll was terminated at 17 ft. because metal debris
prevented further augering. The northwestern portion
of tha pile is composed of predominantly spent calcium/
magnesium carbonate overlain by a black and gray
fibrous material. Tha black and gray fibrous material
extends from the surface to depths of approximately 45
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ft. in boring 88, is ft. in boring B7 and 30 ft. in
boring B6. The asbestos fiber concentration of the
black and gray naterial ranges fron <5-50t chrysotile
and o-35t amosite asbestos fibers. The spent calcium/
magnesium carbonate and other wastes in the
northwestern portion of the pile are contained by
berms consisting of cinders and slag. Boring B9 close
to the top of the slope along the southern side slope
encountered cinders, sand and gray fibrous material
together and separately at various depths. The
distribution of asbestos fiber concentrations varied
from 15t chrysotile at 2-4 ft. below the surface, to 0
at 30-32 ft and back up to 15* at 35-37 ft. The slope
was regraded during the 1984 Removal Action resulting
in the disturbance of former slope stratification. No
asbestos was detected in boring B12 located at the top
of the slope that runs parallel to Hissahickon Creek.

,' Plant Pile

The distribution of asbestos in the Plant Pile is summarized in
,-"> Table 5-36 and Figure 5-10. The results of the sanpling and\ i

analysis program for asbestos concentrations in the Plant Pile
has indicated the following:

o Surface samples taken from the uncovered top plateau
area of the Plant Pile were found to consist of 10-30*

i chrysotile and o-<5t anosite. One percent of tremolite
asbestos fibers were detected at the surface in boring
B3. The black and spongy fibrous material observed on

I the surface of the plateau area extends to approxi-
mately 15 ft. below the surface. Layers of gray
fibrous material were also observed in the split spoon

: samples from depths of 1 to 15 ft, below the surface.
; The black and gray fibrous material consisted of <5-10t

chrysotile and 0-15* anosite asbestos fibers.
j o Results of past sampling and analysis programs on

surface solid samples from the Plant Pile are
comparable to the results of the RI investigation. The
1983 EPA/ERT/TAT sampling and testing program detected
tha highest asbestos concentrtions from samples taken
from the plateau area compared to the sida slopes. The
exception was the side slope that is adjacent to the
Certainteed Pile. Sideslopes were covered with 6-12

, j inches of soil in 1984.
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concentrations with depth. The stratification of waste
layers is more clearly defined in the Plant Pile than
the Locust Street Pile. The black and gray fibrous
material that extends to a depth of approximately 15
ft. contains asbestos concentrations of up to 40
percent. The underlying spent calcium/magnesium
carbonate from which magnesia was extracted and used as
a binder naterial, contains no asbestos fibers. The
calciun/nagnesium carbonate was contained by barns
constructed of cinders and slag. Contanination of the
side slopes/terras, as evident from past studies, nay
have occurred as a result of spillage during disposal
operations and the use of out of spec asbestos products
in the berm construction.

In summary, the highest asbestos fiber concentrations were
detected in the upper fifteen feet of the piles. Asbestos fibers
were detected to a depth of 45 ft. in the Locust street Pile but
the highest asbestos concentrations and number of samples tasting
positive were found just below the thin mulch cover of the large
plateau area. The stratification of asbestos containing process ~
waste and spent calcium/magnesium carbonate is more defined in
the Plant Pile. Asbestos containing material in found from the
surface to a depth of 15 ft. The uncovered large plateau areas
of both piles are therefore potential sources of asbestos release
via stormwater runoff and air. Both areas are however bermed
preventing runoff from leaving these flat areas. Precipitation
is contained in these areas and results in maintaining a high
moisture content controling dust and potential airborne releases
of asbestos. Although both areas are uncovered, tree, shrubs and
tall grasses cover much of these areas further controlling
releases. Air sampling stations were set up on tha plateau areas
of tha piles to investigate the potential environmental and
public health risk associated with the exposed areas of, tha piles
where asbestos fibers were detected in the surface materials.
The results of the RI air sanpling indicate that these areas may
contribute to levels of asbestos detected in the ambient air, j
however, the ambient air levels detected on or downwind of tha , ,

I
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exposed areas were not raeasureably above up wind off-site
sanpling locations.

5.1.6.8 Summary of Soil Boring Sample Analysis

o HSL metals were detected in the piles at concentrations
above the USGS published backround levels. High
concentrations of calcium, manganese, and magnesium in
most of the piles confirm the results of previous
studies identifying the piles as mostly composed of
depleted magnesium/calcium carbonate. EP toxicity
leachate concentrations fron pile waste samples wara
all below the EP toxicity criteria, therefore
indicating the low nobility potential of metals in the
waste piles.

o Volatile organica were detected in the piles but in
less than 101 of the pile waste samples.

o Semivolatiles were detected in most of the boring .
samples that were analyzed. The presence of
•emivolatiles is suspected of originating from the
cinder and slag material used to construct the berns
that contained the calcium carbonate waste transported
to the piles as a slurry.

o The highest concentration of asbestos fibers were
detected in the upper fifteen feet of the piles. The
uncovered large plateau areas of the piles constitute
the largest present potential sources of asbestos
release via stormwater and air. Runoff from these
areas is contained by berns and infiltrates through the
piles. High moisture content and vegetation control
airborne releases as evident by the air sampling
results. If these areas are disturbed, however, the
potential of a release would increase significantly.

5.1.7 TEST PITS

Test pits ware sampled and tested to determine the compositional
characteristics of the waste material (i.e., type and
distribution) in the Plant Pile and Locust Street Pile and to
assess the prasance of long-term environmental and public health
inpacts posed by the piles. Two tent pits were constructed in
each waste pile (i.e., TP1A and TP1B in the Plant Pile; TP2A and
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TP2B in the Locust street Pile). Test pit locations are shown on
Figure 5-8. Test pit sanplea were collected on 13 and 14 April
1987. Samples were tested for asbestos, HSL compounds (i.e.,
volatile compounds, base/neutral/acid extractables,
pesticides/PCBs and cyanide) and EP toxicity metals.

5.1.7.1 EP Toxicity Metals

A total of eight (8) test pit samples were taken for EP Toxicity
metals analysis. One (l) duplicate was included in these test
pit samples. Barium, Cadmium and Lead were the only three (3) EP
Toxicity Metals present above detection limits or estimated in
the test pit samples. Table 5-37 summarizes the concentrations
of three (3) EP toxicity metals detected in tha eight (8) test
pit samples, individual discussion of the EP toxicity metals
detected are presented in Appendix B.

~N

^
Only three (3) EP Toxicity metals, nanely barium, cadmium, and
lead, concentrations ware detected below the EP toxicity limits.
Barium was found at concentrations ranging from 200 ug/1 to 1,920
ug/1 in all tha eight (8) test pit samples, whereas, only one (1)
test pit sample contained Cadmium (13 ug/1) at low concentration
levels. Lead was detected in three (3) test pit samples at
concentrations ranging from 22 ug/1 to 4,650 ug/1. In terms of
EP toxicity tha waste contents in tha piles are therefore
classified non-hazardous.

5.1.7.2 HSL Metal*

One (1) test pit sample located at a depth of l'-4.5' was taken
fron tha plant pile and analyzed for HSL metals. Table 5-38
summarizes tha concentrations of HSL metals detected in this soil
sampla.

O
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TABU! 5-37

EP Toxicity Metals Detected in Test Pit Samples

Lwchate
Concentration (uĝ l)

DaacriBticn - nepth Barium Cadmium

' AAP-SMP1A-01 Sample 1' - 1.5' 1920 L U U

AAP-ST-TP1A-02 Saqple 4' - 5' 1000 UL U 22

AAP-ST-TP1B-04 Sample 4' - 4.5' 200 UL U U

; AAP-ST-TF2A-01 Sample 1' - V 1000 UL U U

AAP-ST-TP2A-02 Duplicate 2' - 3.5' 1000 UL U U

) AAPHST-TP2A-02 Duplicate 2' - 3.5' 1000 UL U U
•

_ AAP-ST-TF2A-03 Sanple 4.5' - 5' 1050 L 13K 4650
•O AAP-ST-TP2A-04 Sample 5' - 6' 200 UL U 145

EP Toxicity Limit 100,000 1000 5000

Key: U - Indicates compound was analyzed for but not detected (Minima detection
limit for Bajple shown in Appendix A).

L - Analyte was present; reported value may be biased low due to a low
spike recovery.

K - Analyte was preaent) reported value may be biased high. Actual value
is expected to be lower.

AR30Ql*22
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TABLE 5-38

HSL Metals Detected in Test Pit Sanples
(Sanple No. AAP-TP-TP1A-03 - l'-4.5')

o
Constituent Concentration (mg/kg)
Aluminum 1440 J
Antimony 30 R
Arsenic U
Barium U
Beryllium U
Cadmium UCalcium 14200 J
Chromium UCobalt U
Copper 11
Iron 5550 J
Lead 26
Magnesium 5890 J
Manganese 51 J
Mercury 0.6
Nickel U
Potassium 54
Sodium 54
Selenium U
Silver U
Thallium U
Vanadium U
Zinc 7.9

Key: J - Estimated value; compound was less than tha
specified detection limit but greater than zero.

R - Quality control indicates that data are unrealiable;
compound nay or may not be present. Resampling and
raanalyais is necessary for verification.

O
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With tha Bxception of beryllium, cobalt, nickel, thallium and
vanadium, the renainder of HSL metals were detected in the test
pit sample from the Plant Pile. Calcium and magnesium were found
at the highest concentrations of 14,200 mg/kg and 5,890 mg/kg,
respectively and zinc was detected at the lowest concentration of
7.9 ng/kg. The presence of calcium and magnesium in the Plant
Pile is attributable to process wastes disposed in the piles.
Quality control indicates that data for antimony are unreliable
and the compound (antimony) nay or nay not be present in the
sanple.

5.1.7.3 Cyanide

A total of five (5) test pit samples (i.e., TP1A-01, TP1A-02,
TP2A-01 and TP2A-02, 02) ware takan from the Plant Pile and
Locust Street Pile and analyzed for cyanide. One field duplicate

Q was included in these aoil samples. Cyanide was not detected in
any of the test pit sanples.

' 5.1.7.4 Volatile Compounds

A total of seven (7) test pit sanples were taken for volatile
compound analysis. One (1) field duplicate and one (!) trip

i blank were included in theie samples. HSL volatile compounds
detected in test pit samples are presented in Table 5-39.
Individual discussions of tha volatile compounds are presented in

1 Appendix B.

l
Only four (4) volatile compounds, namely, nethylana chloride,
acetone, 1,1,2,2-tetrachloroethane and athyl benzene wara
detected at low concentrations in test pit samples. Methylana
chloride was found at concentrations ranging fron 1 ug/kg to 8
ug/kg in all the test pit samples. The presence of methylene

• j chloride in tha trip blank and laboratory blank indicates that
tha source is probably laboratory contamination.
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Acetone (17 ug/kg), 1,1,2,2-tetrachloroethane (8 ug/kg), and
ethyl benzene (4 ug/kg) were detected only in one test pit sanple
(TP2A-01). The presence of 1,1,2,2-tetrachloroethane is probably
attributable to laboratory contanination, since it was also found
in the trip blank.

5,1.7,5 Semivolatile Oroanics (BNAsl

A total of six (6) test pit samples were taken for semivolatile
conpounds analysis. One field duplicate was included in these
samples. Table 5-40 summarizes the concentrations of HSL
semivolatile organics detected in test pit samples. Individual
discussions of the semivolatile organics are presented in
Appendix B.

j •
N-nitrosodiphenylamine, di-n-butylphthalate and bis-2-ethylhexyl-

O phthalate were the only semivolatile compounds detected in test
pit samples from the Plant Pile and Locust Street Pile. These
compounds were not found in the drainageway surface water samples
and in the standing surface water sanples at the site.

5.1.7.6 Pesticides/PCBs

A total of five (5) test pit samples were taken for
pesticides/PCBs analysis. One duplicate was included in these
test pit sanples. Fanticides/PCBs were not detected in any of
the test pit samples,

5.1.7.7 Asbeatos Concentrations in Test Pit Samples

Selected grab samples taken fron various depths in the four test
pits (2 test pits in each pile) located on Figure 5-8 wara

J analyzed for asbestos by Polarized Light Microscopy (PLM).
Sunples were selected from each visually different stratum in

5-143 AR300»*26
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' order to characterize the materials found in the side slopes of
the piles in terns of asbestos content. Materials uncovered in
the test pits were predominantly cinders, slag, and dry to very
moist calcium/magnesium carbonate waste that appeared to have
seeped into the cinders fron within the pile,

The concentration of asbestos fibers found in the test pit
sanples is presented in Table 5-41. Concentrations are presented
in percent asbestos fibers on a nass/nass basis. The validated
results indicate asbestos contamination of the cinder and slag
naterial fron which the berras of both piles were constructed to
contain the slurried spent calcium/magnesium carbonate and other
process waste. Asbestos containing process waste or product may
have either been mixed with the cinders, seeped into, or spilled
onto the cinder and slag naterial. Fibrous naterial was not

' . visually observed in the test pit grab samples. The highest*
,•"*) concentration of asbestos (15% chrysotile) in the test pit

sanples was detected fron a sanple taken from the Plant Pile, 4-5
ft. below the top of the side slope soil cover. Asbestos fibers
were detected in naterials directly underlying the soil cover in
both piles.

I
Sampling by EPA/ERT/TAT in 1983 prior to covering the piles
indicated that asbestos fibers were detected in half of the
sanples taken from the side slopes of the Locust Street Pile.
Concentrations of asbestos fibers were below 5% in all samples
except one (501) located on the northeastern slope of the small
plateau area at the north end of the former playground. Asbestos

: analysis of sanples taken from the side slopes of the Plant Pile
by the EPA/ERT/TAT sampling tean indicated low concentrations
(>5%) of asbestos fibers present in tha side slope naterials.
Higher concentrations (21-32%) of asbestos were detected in tha
side slope naterial along the southeastern slope of the Plant Pile
adjacent to the Certainteed Pile. Amosite and chrysotile

5-145
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asbestos fibers were detected in side slope samples on both the
Locust street and Plant Piles.

Exposed or uncovered areas of the piles side slopes constitute a
potential source of asbestos that through air and surface water
pathways could result in a potential public health and
environmental concern. The long-term public health and
environmental concern exists if the soil cover is damaged
(erosion) or fails (sloughing of cover or deep slope failure)
exposing the asbestos contaminated material on the side slopes of
the piles.

5.1.7.8 Summary of Tast Pit Sample Analysis

o Asbestos fibers were detected in some of the test pit
samples indicating the contamination of cinder and slag

O material used to construct the berms that contained the
calcium/carbonate waste, Exposed areas of the side
slopes constitute a potential source of asbestos
release via storm water and air. Results of the
surface water and air sampling indicate that the
currently exposed areas of the piles do not measurably
impact ambient water quality or ambient air asbestos
levels discernable from background/upgradient levels.
Disturbance of the side slopes or additional cover
failure could, however, result in a releasa that could
impact ambient air and surface water and pose a public
health and environmental concern.

5.2 PHYSICAL CHARACTERISTICS OF THE LOCUST STREET AND PLANT
I PILES

£ 5.2.1 CROSS SECTIONS OF THE LOCUST STREET AND PLANT PILES

• Cross sections of the Locust St. and Plant Piles wara developed
baaed on boring and test pit logs aerial photos and previous

• s t u d i e s on the construction of the piles. The developed cross
sections characterize tha general dimensions and conposition of

I i the piles. The cross sections presented in this section wara
used to analyze the short and long-term stability of the piles.

• 5-147
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A compositional characterization and slope stability analysis I
were performed to assess the long term potential public health
and environmental concerns associated with the possible exposure •
of additional areas of the piles that contain asbestos through *
cover and slope failure. sj

The location of the cross sections are shown on Figure 5-11.
Cross sections of the Locust St, Pile are presented on Figures |
5-12, 5-13, 5-14, and 5-15. Figure 5-11 also characterizes the
Pile by percent slope. This is based on the 1984 topographical I
map compiled by ERT-EPA prior to the "Removal Action". Some
regrading was performed during the "Removal Action11 and is •
represented in the cross sections, Most of the side slopes of •
the Locust St. Pile are at a 20-40 percent grade. The Locust St. _
Pile is also characterized by three plateau areas (grades of 0-5 |
percent).

As was described in Section 1.0, previous studies and aerial
photos indicate that the Locust St. Pile is composed of two I
distinct portions. Figure 5-15 of cross section 4-4 provides a
graphical description of the two portions of the Locust St. Pile. •
The southern portion of the pile is predominantly composed of ••
solid wastes that include cinders, slag, asbestos millboard, _
asbestos shingles, asbestos piping, sand, and hardened calcium |
carbonate. The asbestos content of the solid waste varies fron
0-15 percent. Exposed areas of the side slopes in the southern •
portion of the pile contain cinders, slag, nillboard, and
shingles. Auger refusal was encountered in two borings in the I
southern portion prior to reaching the base of the piles. Metal
and 2-3 in. thick asbestos millboard were encountered in these •
borings, preventing further auger drilling. The solid wasta ••
layer was penetrated in one boring and soft depleted »•
magnesium/ calcium carbonate encountered at approximately |

\) elevation 202 ft.
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^ Figure 5-12, 5-13, and 5-14 of cross sections 1-1, 2-2, and 3-3,

respectively, characterize the northwestern portion of the Locust
St. Pile. As indicated in the cross sections, the northwestern

[t portion is predominantly conposed ot soft very moist depleted
magnesium/calcium carbonate that is contained by berns

E constructed of cinders and slag. As was described in Section
1.0, the depleted magnesium/calcium carbonate was conveyed to the

f p i l e via a slurry and contained by berns that were built up as
the level of the slurry increased. Both boring and test pit

a sanples indicate that the magnesium/calcium carbonate has seeped
• into the berms and in many areas has hardened, binding tha cinder

and slag into a cenent-like matrix.

I

I
I
I
I
I
I
1
I
I

As part of the process to extract nagnesium carbonate from
dolomite to produce tha "85 Magnesia" (85% magnesium carbonate)
asbestos products produced at the plant, a waste stream of *
depleted nagnesium carbonate and calcium carbonate was produced.
This waste stream conposes much of tha northwestern portion of
the Locust St. Pile. Continued infiltration into tha pile and
the effinity of line (CaO) to hold water has maintained a high
moisture content within the pile. The calcium based waste, due to
the high moisture content and encapsulation of this waste
limiting exposure to air, behaves as a hydrated line (Ca(OH)2)
and remains in a very soft slurry condition. As the hydrated
lime seeps into the cinder/slag berns, it reacts with air to torn
calcium carbonate and with the silicates in the berm naterials to
form a hardened mortar-like structure with the cinder and slag
naterial. To date the berms have successfully contained the soft
slurried waste. The long term stability of the piles was
evaluated and is presented in section 5.3.

Overlying tha soft depleted magnesium and calcium carbonate
natarial is a vary moist fibrous maturial. The profile of this
layar consists of alternated strata ot gray and black fibrous

5-154
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material. The disposal of the naterial began in the 1950's and •
continued to the 1960's based on aerial photographs that show I
changing dark flow patterns on the plateau area during that ^
period. The asbestos content of this naterial ranges fron <5 to |
55% total asbestos. Both anosite and chrysotile fibers were
identified. The material extends to the surface of the large •
plateau area of the Locust St. Pile that is heavily vegetated but
uncovered. •

5-155

ISimilar in conposition to the northwestern portion of the Locust
St. Pile, the Plant Pile is predominantly composed of depleted
magnesium and calcium carbonate contained by berns constructed of _
cinders and slag. The cross section location is shown on Figure |
5-16. A cross section of the Plant Pile is presented on Figure
5-17 based on boring and test pit logs, historical information I
and aerial photos. Overlying the nagnesium and calcium carbonate
is a layer of gray and black stratified very noist 'fibrous ft
material. This naterial was reported (Johnson • Shroder, *
1977) to be process waste fron the paper machine operation sfe
(deposited prior to 1964), asbestos cement sludge (deposited fron •
1970-75), asbestos millboard and nonolithic product waste ^
(deposited from 1975-76), and sediments from the filter bed |
lagoon (PADER). This layer contains fron <5 to 40 percent total
asbestos. Both anosite and chrysotile fibers were detected, The •
fibrous layer extends to the surface of the top of the Plant Pile
which is partially vegetated but uncovered. ft

Both tha Locust St. and Plant Piles are underlain by a 4-8 inch •»
thick clayey soil layer that rests on the shale-sandstone I
bedrock. Sattlanent or bearing failure of tha underlying
materials (competent bedrock) is therefore not anticipated. •

I
I
I
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5.2.2 MOISTURE CONTENT AND PERCHED HATER OF THE LOCUST ST.

AND PLANT PILES

During the boring progran it was identified that both the Locust
St. and Plant Piles are predominantly composed of soft depleted
nagnesium and calcium carbonate that is nearly or completely
saturated. The high noisture content and quantity of
magnesium/calcium carbonate in the piles was not anticipated
prior to the RI. The high noisture content suggested possible
saturated conditions resulting in the existence of a perched
water table or a groundwater mound hydrologically connected to
the regional bedrock groundwater within the piles. If a perched
water table or nound existed, there would be concern in terns of
slope stability, especially if the water level in the mound
fluctuated. Seasonal rises in the water level in the piles would
result in a decrease in the effective stress and hence the '

^J resistance along a potential failure surface. Rises in the water
level would also increase the weight of the soil above the
potential failure surface and hence the driving monent. Both of
these mechanisn would reduce the factor of safety (FS) of the
stability of the piles side slopes and potentially result in a
slope failure if the FS is close to unity. The existence of a
mound in the piles connected to the bedrock groundwater presents
an additional concern in terms of providing a driving force for
contaminants (if contaminants other than asbestos were found at
levels of concern) to migrate to the bedrock groundwater.

Eight piezometers were installed in and around the piles to
define the hydrostatic water level within the piles and in tha
bedrock close to the toe of slope of the piles. The location of
tha piezometers is presented on Figure 5-8. thraa piezometers
(PI, P2, and P3) ware installed within 100 feet of tha toe of

i slope of the piles. PI is located north of the Locust St. Pila
Ĵ in tha former playground area. Piezometers P2 and P3 are located

south of tha Locust St. Pile along the sewer right-of-way. Three
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piezometers (P4, PS, and P8) were installed in the Locust St.
Pile and two (P6 and P7) in the Plant Pile. Table 5-42 presents
the piezonatars depths, depth of screening, and water levels for
a period of five nonths.

Hater levels in the piezometers around the piles indicate the
shallow recharge waters are less than ten feet from the ground
surface. The approximate elevations of the water levels in these
piezometers are:

PI - 171'
P2 - 167'
P3 - 167'

Based on this approximation using available topography maps, the
_ hydrologic gradient of the shallow recharge waters is toward'
'>-' Hissahickon Creek. The Creek would than act as a hydrological

barrier to the migration of contaminants from the piles into the
shallow recharge waters.

Mounding of the underlying recharge waters due to infiltration
into the piles was indicated only in two piezoneters installed in
the Locust St. Piles; PS located by Hissachickon Creek and P8
located in the southern portion of the Locust St. Pile, 50 ft.
south ot Pi. In tha renaining piezometers the water levels ware
just a taw feet above the bottom of the screened depth. Measured
water levels in these piezoneters, however, are not accurate
because calcium carbonate has seeped into the piezometer through
the sand pack and screening. The actual water level nay be lower
in these piezometers since the noist calcium carbonate ragistarad
as a reading by the probe. Calcium carbonate had not seeped into
the entire acraened depth allowing for aeepage into the
piezometer if the watar levels were higher.

O
Physical testing results of the pile natarials confirm tha
observations in the piezometers. Figures 5-18 and 5-19 show the
•oisture content vs. depth and saturation of the Locust JSjtraet
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TABLE 5-42

SUMMARY OF PIEZOMETER DATA

Hater Levels (Depth of
Hater from Ground Surface)Piezometer Depth of Depth of -...-.»..„.——.————.

Number Piezometer Screening 6/1/87 8/25/87 10/15/87

PI 19.5' 7.5'-17.5' 10.25' 10' 9.5'

P2 15.5' 8.3'-13.5' 6.67' 69.5' 6.2'

P3 12.83' 7.83'-12.83' 5.42' 5.25' 5.25'

P4 62' 30'-60' 59'* 59'* 60'*

PS 38' 15'-38' 31' 32' 31'

P6 62' 40'-60' 55.5'* 57.5'* 54'*

P7 71' 38'-68' 63'* 63'* 63'*

P8 48' 15'-45' 38.25' 38.83' 38.5' •

* Hater level probe encountered white calciua carbonate that had
seeped in piezoneter through sand pack and screening at this depth.
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Pile. Figures 5-20 and 5-21 show the same physical data for the
Plant Pile. The results indicate that although the percent
moisture content, which is a measure of the mass of water per
mass of solids (Hw/Hs x 100%), is greater than 100% throughout
nost the piles (mass of water exceeds mass of solids). The
degree of saturation, defined as the volune of water per volume
of voids (Vw/Vv x 100%) is less than 1.0 (voids are not
completely filled with water and thus no piezometric level) until
the bottom of the piles where a water level in the piezometers
was neasured. This also demonstrates the ability of the calcium
carbonate waste to hold water (an anount greater than its
weight) and becone nearly completely hydrated.

The piezometric water levels measured in the piles and degree of
saturation of the pile naterials was used to analyze the long
term stability of the piles presented in Section 5.3.

J .
5.2.3 STANDARD PENETRATION RESISTANCE OF PILE MATERIAL

Standard penetration resistance or blow counts* provide a ntasure
of the shear strength of a naterial. Figures 5-22 and 5-23
present the blow counts with depth for tha Locust Street and
Plant Piles, respectively. Blow counts below 10 indicate a very
loose granular material or very soft to nedium consistency
cohesive soil. The blow counts recorded for the pile natarial
were generally leas than 10, and within the vary moiat depleted
calcium/magnesium carbonate often between 0-6. Blow counts in
tha calcium carbonate did not increase with depth indicating
little or no consolidation of this naterial. The low blow counts
recorded for the pile material contained by the berns reflects a
low shear strength of the material. The low strength of tha very
noist calcium/magnesium carbonate reduces the stability of the
piles and limits future remedial measures (increased load on the

... j material nay further decrease stability) that can be implemented/
perfomed. This is discussed in Section 5.3.
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5.3 GEOTECHNICAL INVESTIGATION "' |

5.3,1 PURPOSE AND SCOPE

The overall purpose/objective of the geotechnical investigation
of the Ambler Asbestos Files site was to identify, investigate |
and evaluate the relevant geotechnical characteristics of the
piles as related to and in support of the overall RI I
contamination assessment for the site. Specific geotechnical
objectives which were considered and addressed are listed below: i

o Compile and evaluate existing geologic and geotechnical ,
data available for the site and regional area. I
Determine the water table conditions for the site (both
perched and regiona
themselves, if found
perched and regional), along with in the piles I

Determine the profile cross-sections for both the (~\i
Locust Street Pile (LSP) and the Plant Pile (PP); wl
including identification of the materials/wastes
encountered and their distribution, utilizing existing
topography provided by EPA and the RI field program. I
Determine tha physical properties of the pile materials
and cover soils (classification and performance) via I
the soils laboratory testing program. f
Determine tha proper engineering properties and perform .
the required geotechnical calculations to characterize I
the pile materials and soil cover system regarding '
slope stability, settlement/subsistence, erosion/scour
resistance and related technical considerations. J
Assess tha current and long-tern overall geotechnical
stability of the piles as closed waste pile units and i
tha individual factors which do and will affect I
exposure of contaminants to tha atmosphere and
migration of contaminants (via air and/or watar
pathways) to off-site areas and receptors. I
Provide input to the Risk Assessment portion of tha RI
as required to realistically project future increased I
releases of contaminants (based on no-action to tha I
existing piles and the geotechnical factors which will ^
influence the rate of cap failure).

5-168 AR300l»5|
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o The site specific geotechnical data collected and

analysis performed will be used as a data base for
evaluation of future renedial alternatives in the FS
Report (as required).

Tha scope of the geotechnical investigation performed for the
Ambler Asbestos Piles RI is discussed in detail in the following
subsections. The investigation involved both substantial field
and laboratory work prior to engineering analysis.

The data collected is some of the first of its kind available,
particularly those dealing with strength parameters obtained for
asbestos waste-tailings naterials and other specialized waste
streams.

In general, the scope of the RI geotechnical investigation can be
summarized as follows:

O
o Detailed site survey, inspections, mapping, and cover

soil testing.
1 o Extensive soil boring, piezometer installation and test

pit program.
o Haste Pile construction assessment.
o Collection of geotechnical samples and soils lab

analysis for classification and performance parameters.
o Characterization and development of engineering

i . properties.
o Slope stability analysis of the existing piles and

cover systens.
o Cover soil erosion analysis.
o Creak scour/washout analysis.

Tha results of tha detailed site survey were summarized in
Subsection 4.2,1 and presented on Figures 4-2 and 4-3 for the

O Locust Street and Plant Piles. Exposed/uncovered areas of the
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Opiles, evidence of cover soil erosion, location of erosion j
control netting, and cover soil thicknesses were discussed and '
presented in Subsection 4.2.1. The soil boring, piezometer I
installation and test pit program was discussed in Subsections 1
4.4,2-4.4.4. The construction and conposition of the piles based
on previous studies and aerial photographs was presented in J
Subsections 1.2.1 (Locust Street Pile), 1.2.2 (Plant Pile), and
1.3 (Site History). Cross-sections of tha Locust Street and J
Plant Piles and physical characteristics of the piles based on
previous studies, aerial photos, and information from the RI l
field program were presented in Subsection 5.2. The following >
subsections will present the results of the physical testing of .
tha pile waste naterial and cover soils, development of |
engineering properties of the piles, slope stability analysis,
and an evaluation of tha cover soil erosion and scouring |
potential.

0|
5.3.2 SUMMARY OF GEOTECHNICAL LABORATORY TESTING PROGRAM '

A summary of tha physical testing progran was outlined in Table '
4-4. A description and purpose of each test is provided below '
for the cover soils and waste pila samples. (

5.3.2.1 Cover Soil Tasting I

Six (6) grab samples and four (4) "undisturbed" Shelby tube I
samples wara taken from the cover material on the side slopes of *
tha Plant Pila for tha purpose of physical tasting. Five (5) i
grab sanplas and five (5) Shelby tube sanples were taken of the '
cover natarial on the Locust Street Pile for physical tasting.
Sanplas ware shipped to and tested by tha Earth Technology |
Corporation in Huntington Beach, California. The following '
gaotachnical tasting was performed on tha cover soil samples: I
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Grain-size distribution including hydrometer analysis
(ASTM No. D422-63 and D421-85) - Grain size
distribution analysis including hydroneter analysis
were performed on seven (7) cover soil sanples from the
Plant Pile and nine (9) cover soil samples from the
Locust street Pile. Grain-size analysis is universally
used in the engineering classification of soils. The
grain-size analysis determines the relative proportions
of the different grain sizes that nake up a given soil
mass. Grain-size analysis is also used with other
engineering properties of the soil to determine the
suitability of the soils as a cover material.
Information obtained from the grain-size analysis can
be used to predict soil-water movement, when compared
to permeability tests on sinilar (same grain-size
distribution) soil sanples. Susceptibility to frost
action and erodibility can be predicted fron the
grain-size analysis (percentage of silt particles is
the important indicator of these characteristics).
Hydroneter analysis was performed on all sanples tested
for grain-size analysis in order to obtain an estinate
of the distribution of soil particle sizes fron the No.
200 (0.075 mm) sieve (smallest sieve size) to about.
0.001 mm, and an estimate of the percentage of clay by
weight in the soil (approximately the percentage by
weight of soil less than 0.02 mm). The results of the
hydroneter analysis is contained with the grain-size
analysis. A hydroneter test is usually performed when
nore than 50 percent of the sanple by weight passes
through the No. 200 sieve.
Atterbera Limits Determination (ASTM D4318-84) -
Atterberg limits testing, specifically the plastic and
liquid limits, were performed on the sane sixteen cover
soil samples analyzed for grain-size distribution, The
plastic limit is defined as the noisture content below
which the soil is nonplastic. The liquid linit is
defined as the moisture content below which the soil
behaves as a plastic naterial. At this noisture
content, the soil is on the verge of becoming a viscous
fluid. The plastic and liquid linits of a soil and its
grain-size distribution are considered the engineering
index properties of a soil and are used to classify a
soil according to the Unified Soil Classification
system (USC system). Soil classification is'used to
assess the suitability of cover soil with regard to
frost heave potential and erodibility.
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Natural Moisture Content (ASTM D2216-80) - Natural
noisture content determination was performed on all the
cover soil samples tested for grain-size distribution
and plastic and liquid linits. This analysis
determines the amount of water present in the soil in
terms of its dry weight, Natural moisture content is
reported as a percent and is used to determine the
degree of saturation of tha soil. The degree of
saturation is a soil parameter used in slope stability
analysis,
Palling Head Permeability (USEPA Method 9100) - Falling
head permeability tests using the triaxial-cell nethod
with back pressure were performed on three
"undisturbed" cover soil samples. The permeability of
a soil is determined using Darcy's equation which is
applicable only to fully saturated porous nedia. Full
fluid saturation of fine-grained compacted soils
(characteristics of the cover soils) is difficult to
achieve using standard falling head methods. Tha
triaxial nethod is used for fine-grained compacted
soils because a pressure differential can be
established across the soil sample and pore water •
pressure can be monitored. This allows for more rapid
saturation of the sanple (without prestressing the
sample) and verification that the sanple is fully
saturated. The triaxial cell nethod allows for better
simulation of in-situ conditions by adjusting the
normal and confining pressure on the sample to stresses
experienced in the field.
Consolidated Undrained Triaxial Compression Test CIU
(USCOE Appendix X) - Consolidated undrained triaxial
compression tests with pore pressure monitoring were
performed on one composite and one "undisturbed" soil
cover sampla. Tha cover soil sanples were placed in a
triaxial-cell and consolidated with the drain valve
open under a confining cell pressure until consoli-
dation was conplete. When consolidation was conplete
the drain valves were closed and the deviator stress
(change in piston stress) was applied until sample
failure. Pore watar pressure was naasured with
increases in deviator stress, The results of the test
provide affective stress shear strength paraneters of
tha cover aoil. These shear strength parameters are
used for slope stability analysis for both the long and
short term cases.
Direct-Shear Teat (ASTM D3080-72) - A direct-shear test
was performed on a remolded composite sanple composed
of a layer of cinders and slag overlain by a layer of

5-172
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' cover soil in order to determine the shear strength
properties at the interface of these materials. The
direct shear test was used because it allows for the
predetermination of the failure plane, in this case, at
the cinder/slag and cover soil interface. The results
of the direct-shear test were to be used for the wedge
block slope stability analysis to determine the
potential of failure of the cover at the interface of
the cover soil and cinder/slag material. Failure of
the cover at this interface nay result in re-exposure
of asbestos containing materials.

o Moisture-Unit Weight Relationships (Modified Compaction
- ASTM D1557-78) - Modified compaction testing was
performed on four (two from each pile) cover soil grab
samples to obtain the moisture-unit weight relation-
ships for representative cover soil sanples, The
in-place density of the cover soil was estimated using
the natural noisture content test results, limiting
in-place density measurements, and the dry density vs.
percent moisture curves developed from the compaction
test. The estinated in-place density of the cover soil
was used in the slope stability analysis of the cover
soils/piles.

\

~" 5.3.2.2 Pile Waste Testing

Seven (7) "undisturbed" Shelby tube sanples from the Plant Pile
and eleven (11) fron the Locust street Pile were taken during the
soil boring progran for geotechnical laboratory testing.
Representative sanples were taken at varying depths of the gray
fibrous asbestos process waste and the depleted magnesium/calcium
carbonate. Three grab sanples of the cinder and slag berm
naterial wara collected fron two of the four tests pits for
geotechnical testing. Sanples were submitted to the Earth
Technology Corporation, Huntington Beach, California for physical
tasting. The following geotechnical testing was performed on the
pile waste samples.

o Grain-aize distribution including hydrometer analysis
(ASTM D422-63 and D421-85) - Grain-size distribution
with hydrometer analysis was performed on each of the

• ten "undisturbed" pile waste samples for the purpose o
•— ' providing engineering index properties of then
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( f
materials. The grain-size distribution analysis was
used with results of the permeability testing to
evaluate the soil-water movement in the piles. How
quickly water can nove through the pile waste naterials
is important in the discussion of potential remedial
measures where disturbance of the piles and large
equipment loads may result in an increase in excess
pore water pressures. If the wastes cannot be readily
drained and excess pore water pressures dissipated, the
potential for a slope failure will increase. Grain-
size distribution analysis was also performed on the
test pit grab samples.
Atterbero Limits Determination (ASTM D4318-84) -
Atterberg Units testing, specifically the plastic and
liquid limits, were performed on each of the ten Shelby
tube pile waste samples. The results of the liquid and
plastic limit testing and grain-size analysis were used
to classify the waste naterials in terms of the Unified
Soil Classification system. The use of this system to
classify the waste naterials and compare physical
properties of .similarly classified soils is
questionable due to the fibrous nature of the asbestos
process waste and the extrene hydrophyllic nature of -
the calcium carbonate. ,_
Natural Moisture Content (ASTM D2216-80) - Nature
noisture content determination was perfomed on all the
pile waste samples. Tha natural moisture content was
used with specific gravity and estimated unit weight of
the waste naterials to determine the degree of
saturation of the waste sample.
Falling Head Permeability (USEPA Method 9100) - Falling
head permeability tests using the triaxial cell method
with back pressure were performed on five pile waste
"undisturbed samples." As discussed previously,
permeability of the waste naterial is an important
parameter in analyzing the stability of the piles in
terms of pore water movement.
Specific Gravity (ASTM D854-83) - Specific gravity
determination was performed on four of the ten Shelby
tube pile waste samples. Specific gravity is used in
the hydrometer analysis, and is useful to estimate the '
unit weight of a soil. Specific gravity, the estimated
wet unit weight, and moisture content of the waste
materials determined from the geotechnical testing were
used to determine the degree of saturation of the pile
wastes. , ,
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o Consolidated Undrained Triaxial Compreppion Test CIU
(USCOE Appendix X) - Consolidated undrained triaxial
compression tests with pore pressure monitoring were
performed on two "undisturbed" Shelby tube samples of
the calciun carbonate and on four "undisturbed"
asbestos process waste sanples. The results of this
test provide effective and total stress shear strength
paraneters used for slope stability analysis.

0 Unconfined Compression Teat or Undrained "U" Test
(ASTM D2 166-85) - Unconfined compression tests of two
"undisturbed" asbestos process waste sanples and three
magnesium/calcium carbonate samples were performed to
obtain the undrained shear strength parameters of these
waste naterials for the slope stability analysis.

o Consolidation Test (ASTM D2435-80) - Consolidation
tests were performed on two "undisturbed" gray fibrous
asbestos process waste samples and one "undisturbed"
magnesium/calcium carbonate sample. The purpose of the
consolidation testing was to determine the percent
consolidation of the pile waste materials. If the
percent consolidation is less than 100 percent, •
additional settlement of the pile waste materials can
be expected. Consolidation is complete when excess
pore water pressures have completely dissipated and a
steady state seepage "drained" condition exists. The
results of the consolidation tests were also used to
predict settlement of the piles if a three foot soil
cover is placed on the exposed plateau areas of the
piles, settlenent calculations and results are
provided in Appendix D.

5.3.3 SUMMARY OF GEOTECHNICAL LABORATORY TESTING RESULTS

A summary and description of the geotechnical laboratory testing
program for the Ambler Asbestos Piles site RI was presented in
the previous subsection. The results of the laboratory testing
are summarized in the following subsection.

5.3.3.1 Summary of Index Properties Teat Results for Covar Soil
Samplep

A summary of the index properties test results for the cover soil
sanples is presented in Table 5-43. Table 5-43 includes the
results of the grain-size analysis, plastic and liquid limit
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tests, natural moisture content determination, compaction tests,
and falling head (triaxial) permeability tests. Grain-size
distribution curves, conpaction curves and triaxial permeability
testing paraneters are provided in Appendix D.

Grain-size analysis of the cover soil fron the Plant Pile
indicates the cover naterial is predominantly composed of
inorganic silts and silty fine sand (ML) with occasional lenses
of low plasticity clays and silty clays (CL). Five of the seven
cover soil samples fron the Plant Pile did not demonstrate
plastic or cohesive characteristics and possessed only an average
clay content (approxinate percentage by weight of clay particles
based on percentage of particles finer than 0.002 mm determined
by hydrometer test) of 10 percent by weight.

i
Similarly, the results of the grain-size distribution analysis'

O and liquid and plastic limits testing of the cover soil from the
Locust Street Pile indicate the cover is predominantly composed
of inorganic silts and silty fine sands (ML) with occasional
lenses of clayey silts (CL). Six of the nine cover soil sanples
collected from the Locust Street Pile did not exhibit plastic or
cohesive characteristics and contained an average clay content of
16 percent by weight. The samples that possessed cohesive
characteristics were classified as low plasticity clay and clayey
silts. The percent clay and silt content by weight (naterial

l less than 0.075 mm) of all the cover soil samples was greater
than 50 percent with an average gravel content (material greater
than 5 mm) of only 6.5 percent by weight. These results indicate
that tha cover soil on both the Plant and Locust Street Piles is
composed of predominantly silt and clayey silt. Silts, compared
to clays and gravel, exhibit greater erosion and frost action
potential. Further discussion of the suitability of the existing
cover system with regard to erodibility and frost action

•̂ J potential is presented later in this section.

5-177 AR300I*60
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The natural noisture content of the cover soil on the Plant Pile
ranged from 14.5 to 26.5 percent with an average of 21 percent.
This compares to an average optimum noisture content, baaed on
the Hodified Compaction Test results, of 14.5 percent. Average
maximum dry density of the cover soil is 115 pounds per cubic
foot (pcf). Average in-place dry density of the cover soil on
the Plant Pile is estimated to be 103 pcf based on estimates from
the above results and limited in-place density readings. The
range of natural noisture contents for the Locust Street Pile
cover soil was fron 16 to 27.5 percent, similar to the results
for the Plant Pile cover soil. These noisture contents were also
above the average optimum moisture content of 12.5 percent as
determined by the Hodified Compaction Test. The average maximum
dry density (120 pcf) was slightly higher for tha Locust Street
Pile cover naterial conpared to the Plant Pile cover naterial.
The estimated average in-place dry density of the Locust Street
Pile cover material is 108 pcf based on tha above reaulta and ~'
limited in-place density measurements.

The results of the triaxial falling head permeability tests
indicate an average cover soil hydraulic conductivity of 2E-05 .
centimeters per second (cm/s) which is comparable to published
values for ML-CL type soils. This permeability is below RCRA
standards for clay caps (maximum permeability of IE-07 cm/s),
however, asbestos is not a RCRA waste and does not exhibit
nigration potential into groundwater. Therefore, nininization of '
infiltration through the use of vary low permeability soils is
not a cover design requirement at the Ambler Asbestos Piles site.
In fact, it is favorable to naintain a high noisture content in
the asbestos waste to reduce tha potential of entrainnent of ,
aabastos fibers. The permeability of the existing cover natarial
is therefore acceptable in meeting tha design objectives of the
cover systen, i.e., provide containment and maintaining a high-
medium moisture content in the underlying asbestos containing Q
naterials.

W7i AR3QOI.6I
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5.3.3.2 Summary of Index Properties Test Rasultp fof Pile

Waste Samples

A summary of the index properties test results for the pile waste
samples is presented in Table 5-44. Table 5-44 includes the
results of the grain-size analysis, plastic and liquid limit
tests, natural moisture content determinations, falling head
(triaxial) permeability tests, and specific gravity
determination. Grain-size distribution curves and triaxial
permeability testing parameters are provided in Appendix D.

Boring Samples

The results of the grain-size analysis of the soil boring sanples
indicate that both the depleted magnesium/calcium carbonate and
the gray fibrous asbestos process waste are very fine grained*

Q naterials that contain a large percentage by weight (average 44%)
of particles finer than 0.002 mm but do not exhibit plastic or
cohesive characteristics (no liquid or plastic limits) . The
grain-size characteristics of these materials can be compared to
a vary fine sandy silt (ML). Percentage by weight of particles
finer than 0.074 mm (the No. 200 sieve which serves to define the
boundary between sand and fine grained soils) was greater than 90
percent in eight of the ten samples analyzed. This is a very
high percent of fines. Movement of water through these naterials
would therefore be very slow.

It was observed that the grain-size distribution curves for the
asbestos process waste do not match up and are discontinuous at a
grain-size of 0.074 mm (sieve f200) or at tha point where the
results of the sieve analysis are to coincide with the results of
the hydrometer. It is believed that the fibers present in the
asbestos process waste do not behave as silt or clay particles

.̂ j when placed in a hydrometer test. Because of the shape of the
fibers (non-spherical) , they may not settle as quickly as would

5"179
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|lia£5' 4!" U!H C'"\*!:Ŝ is si?:!! vJ•••r,«-s« *ii?»"

"" ' imiis ,,J,. »R800«|-
^ ,., . .. .

. frame it not at _ . , * « , ,
;-?lt«'due to 4ub4tandatd colot ot condition o{ the otlglnal page.



Section: 5
Revision: 2
Date: August 1988

A Page: 181
silt or clay particles of similar size during the hydrometer test
(Stoke's Law may not apply to fibrous materials). The result is
a larger fraction by weight exhibiting the behavior of fine
particles resulting in a discontinuity of the sieve and
hydrometer curves. This condition does not effect however the
percent silt and clay (particles less than 0.074 mm)
determination which is based on the sieve analysis.

Results of the natural moisture content determination indicate
very high moisture contents in all of the asbestos process waste
and magnesium/calcium carbonate wastes. Nine of the ten samples
possessed moisture contents equal to or greater than the 100
percent, with an average of 117 percent. These results support
field observations during the boring program of nearly fully
saturated waste materials. As discussed in subsection 5.2.2,

_ moisture content is determined on a weight basis whereas degree
.__„; of saturation is dependent on volume (void space). It is

therefore possible to have moisture contents well above 100
percent but still not have all the void spaces filled with fluid
to obtain full saturation. Due to the fine grained nature of the
waste materials (high void ratio) and potentially the chemical
characteristics of the calcium carbonate (behaves as hydrophyllic
naterial), the waste materials can contain a great amount of pore
fluid and not be fully saturated (voids completely filled with
fluid). Calculations to determine the degree of saturation (see
Appendix D) were performed and revealed that only isolated areas
of the piles and at the base of the piles were the waste
materials fully saturated. This confirms with the piezometer
readings in the piles. The high moisture content is beneficial
in reducing the potential of entrainment of asbestos fibers from
waste material exposed at the surface. However, the high
Boisture content and almost fluid nature of the calcium carbonate
will create concerns if the piles were disturbed and the cinder

\) and slag berms containing this material removed.

5"181
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Tha results of the triaxial falling head permeability tests '
indicate an average pile waste hydraulic conductivity of 5G-06 :
cm/s which is comparable to published values for fine grained
non-plastic soils. It can be anticipated that without a
reduction in the infiltration into the piles, the moisture
content of the pile waste will remain high as a result of the
relatively low hydraulic conductivities of the pile waste
naterials and the hydrophyllic nature of the calcium carbonate
waste.

Tent Pit Samples

The results of the grain-size analysis of the test pit samples,
which consisted of cinder and slag material, indicate a much
larger percent of sand and gravel size material compared to the
asbestos process waste and magnesium/calcium carbonate. The •
cinder and slag material was classified as well graded silty C'•
sandy gravel (GW-GM) and well graded gravelly sand (SH) using the "" '
Unified Soil Classification system. Whereas no gravel size .
particles were found in the boring samples, 30 to 50 percent by I
weight of the particles in the test pit samples wara gravel,
Although no permeability testing was conducted on the test pit [
samples, it can be assumed that these materials possess a nuch
higher hydraulic conductivity compared to the asbestoa and '
calcium carbonate wastes. Natural moisture contents of tha
cinder and slag material ranged from 34.5 to 86.5 percent. The
hiyh moisture content of the sample from TP-2A nay be from the '
calcium carbonate material present in the sample that had seeped
through or had been spilled on tha cinder and slag barms. The
other two test pit sanples had an average moisture content ot
35.5 percent. These are still very high moisture contents for
granular material indicating tha presence of fine grained
materials that are able to retain watar. This is beneficial in
the reduction of the potential of a release of asbestos fibers , .
that may be present on exposed areas of the side slopes.

5-182
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The cover soil sample included in Table 5-44 was part of the
remolded composite sample that was used in the direct shear test.
The grain-size distribution and Unified Soil Classification of
this sample are comparable to the other cover soil samples and
can therefore be used as a representative cover soil sample
possessing similar properties as the other cover soil samples,

5.3.3.3 Shear Strength Properties Test Results

A summary of the shear strength properties test data for both
cover soil and pile waste material is presented in Table 5-45,
Table 5-45 includes the results of the consolidated undrained
triaxial compression tests (CIU), the confined compression tests.
Mohr circle diagrams fron the CIU tests, stress-strain curves
from the unconfined compression tests, the shear vs. normal
stress diagram from the direct shear tests, and additional '

Q results are provided in Appendix D.

Tha results of the shear strength properties tests were used for
tha slope stability analysis of the piles. The development of
the strength parameters used in the slope stability analysis is
presented in Appendix D. A brief discussion of the results will
be presented in this subsection,

o Consolidated Undrained Triaxial ComfiEfission Test (CIU)
- Cover Soils - The results of the CIU test on one
composite (three "undisturbed" samples from three
different locations) and one single "undisturbed11
sample are presented in Table 5-45. The stress-strain
curves are provided in Appendix D. It should be noted
that the stress-strain curve of some of the tests did
not seem to exhibit a peak. These test specimens were
strained up to 20%, at which point the test was
stopped. The Mohr circles were drawn for a stress
level corresponding to 20% strain. The estimated
average angle of friction of the two tests in terms of
effective stress was 36°. Sample, disturbance may have
affected the results of these CIU triaxial compression
tests.
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jMOltlfo. Oipth Tout EffKtlvt Totit Efftctlvi Cotinlon (KIF) Cohnloo (KM) Friction *njl".

COVED SOIL

AAP-CI-PP-01 Coapoilti iMpli 0 •• 34 •• •• •• I
AAP-Ct-PF-06 CoMDOiltl IMpll I
AAP-CI-Ff-Or Commit! IMpll '
AAP-CS-LP-Ot O'-l' •• 0 •• 39

COMK1ITI IANPLE • COVED NIl/CIWEDI AHD IIAO • I
1HEAD PLANE AT COVED/CUBED AND ILAG IHTEDFACE |

TP-11 O.J'-I.S' •• •• •• •• •• 0.31 32

CUBED AW ILAO MATERIAL

TP-2A 2'-3.3' •• •• •• •• •• 0.33 45
AAP-H-112 6'-!' •• •• •• •• •• 0.2S 48

AitEiTot mem WAITE
AAP-n-H 10>-12' 0.7 0.4 16 44
AAP-N-17 4'-6' 0.9 0 24 4S 0.4
AAP-H-17 12'-14' •• •• •• •- 0.6
AAP-M-M 20>-22' 2 0 10 41
AAP-U-U 2J'-27> 3.3 •• 11

HAWEIIUH/CALCIUN CAMONATE

AAP-U-11 92'-M' 0 0 26 45 . »
AW-II-I2 37'-39' •• •• •• •• 0.8
AAP-SM4 27>-29 •• •• •• •• O.I
AAP-II-M 27'-29 0.2 0 21 37
AAF-M-im 32<-34' •• •• •• •• 0.1

DDIED OUT ILOCK OF CALCIIM CMMNATE

AAP-CI-PP-11 Froi iDillad off •• •• •• •• 0.9
iKtlon of ildt •• •• •• — 19
llopn — •• •• •• 24
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o consolidated Undrained Triaxial Compression Tests (CIU)
- Pile Haste Samples - The stress-strain curves, pore
pressure variations, stress path and Mohr circles for
each test are presented in Appendix D. It should be
noted that for sample AAP-SB-B6, B7, and B8, the Mohr
circles were plotted for stresses corresponding to 20%
strain (the stress strain curve for these tests did not
reach any peak). It is believed that this is due to
the effects of fibers present in samples AAP-SB-B7 and
B8. Furthermore, even though the material surrounding
the fibers may have essentially failed at 20% strain,
interlocking of fibers present in the material may
artificially reinforce the test specimen. It can be
further assumed that the failure of such a test
specimen would occur at very large strains following
failure of the fibers or following failure or slippage
of the interlocking forces acting on the fibers.
Effective friction angles for the waste samples were
very high and difficult to evaluate (due to the minor
principal effective stress (horizontal effective
stress-0'3) being close to zero at 20% strains). A
maximum effective friction angle of 45° was estimated.
for sanples AAP-SB-B7, B8 and Bl.

O o Unconfined Compression Test - Pile Haste Samples -
Unconfined compression tests were performed on undis-
turbed samples of asbestos process waste and magnesium/
calcium carbonate. Three unconfined conpression tests
were conducted on cored samples from a block of
hardened calcium carbonate taken from a spalled off
section of the side slope of the Plant Pile. The
results of the unconfined conpression tests on the
magnesium/calcium carbonate indicate a wide variance in
strength characteristic dependent on the moisture
content of this material. Values of undrained apparent
cohesion ranged from 0.1 kips per square foot (XSF)
(very wet material) to 24 KSF (dried out hardened core
sample). For purposes of slope stability analysis an
average of the lower values for the wet undisturbed
samples was used. This is reasonable for the
magnesium/calcium contained by the cinder and slag
berms which was observed to be very moist through the
pile. This value may however be conservative for the
material within the berms and close to the surface
where contact with air has allowed the calcium
.carbonate to dry and solidify. The extent of the
calcium carbonate intrusions into the cinder and slag
berms or the degree of solidification of the these
materials cannot be readily quantified. Therefore, the

\> lower strength values for the wet material was used for
slope stability analysis.
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o Direct Shear Test - cinder and Slag Materials and ••''
Composite Cover Soil/Cinder and Slag Sample - Direct j
shear testing was performed on test pit sample TB-2B
(2-3.3 feet) and soil boring sample AAP-SB-B12 (6-8 ,
feet) both predominantly composed of cinders and slag
materials. The results of the tests indicate a high '
value may be a result of interlocking fibrous naterials
or large alag pieces in the samples. The results of I
the direct shear test on the interface between the \
cover soil and the cinder and slag material is
presented in Table 5-45 and Appendix D. The laboratory
reported that visual observation of the test specimen
condition after failure, indicated that the failure
plane was essentially going through the cover soil and
not at the interface or in the cinder and slag
material. This may indicate that the friction angle of !
the cover soil is less than the friction angle between
the cover soil and the cinder-slag naterial. The > I
usefulness of these results for wedge analysis sliding I|
failure is questionable. For this reason slope
stability analysis will' be focused on circular arc
failure using the STABL2 program and infinite slope
analysis.

5.3.4 SLOPE STABILITY ANALYSIS ^

Slope stability analysis was performed on several waste pila
cross sections developed from the boring and test pit logs and
historical information. The purpose of the slope stability
analysis was:

o to assess the short and long term stability of the
existing piles and determine if remedial action is
needed to prevent re-exposure of the asbestos
containing materials;

o to evaluate the stability/suitability of the existing
soil cover on the side slopes and determine if remedial
action/long term maintenance is needed to prevent
re-exposure of asbestos materials; and
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o to assess the general existing stability of the piles
subjected to loads fron construction equipment that
must access the top of the piles if any remediation of
the piles occurs.

The short and long-term slope stability of the existing piles and
the stability of the existing piles under construction equipment
loads was performed using the STABL2 slope stability computer
program, stability/suitability of the existing soil cover on the
side slopes was evaluated using STABL2, and infinite-slope
analysis. These methods are described in the following
subsections.

The geometric configurations of the slopes that were analyzed
were based on the pile cross sections (Figures 5-12, 5-13, 5-14
and 5-17) developed from the boring and test pit logs,
topographical maps (1984), soil cover survey, and historical
data. The actual composition of the berms that contain the
magnesium/calcium carbonate waste and asbestos waste cannot be
clearly defined due to the seepage and spillage of calcium
carbonate and other wastes into the berms which are predominantly
composed of cinders and slag. Because the actual composition
could not be defined, three different cases were modeled for
slope inability analysis. Figure 5-24 presents the three cases
developed to cover the most likely conposition and configuration
of the berns based on the boring and test pit program.

The cover soil and pila waste parameters used for the slope
stability analysis were based on the analytical results of the
gaotechnical laboratory testing presented in the previous
sections. Table 5-46 presents the parameters used for slope
stability analysis. The determination and development of these
parameters is provided in Appendix D. Both the short tern (total
stress) and long term (effective stress) shear strength condition
for the fine grained materials (asbestos process waste,

5-187 AR300if70
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Depleted Magnesium/
Calcium Carbonate

\
Case 1 - Both layers A and B are composed of cinders I

and slag (see Table 5-46 Material Code No. 3) . '

Case 2 - Layer A is composed of cinders and slag f
(Material Code No. 3) and layer B is composed i
of cinders, slag and depleted magnesium/
calcium carbonate (Material Code No. 4) . ,

Case 3 - Both layers A and B are composed of cinders,
slag and depleted magnesium/calcium carbonate
(Material Code No. 4). f

O'
FIGURE 5-24

CASE DESCRIPTIONS FOR SLOPE STABILITY ANALYSIS ft R 3 0 0 ̂  7
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TABLE 5-<6

COVER (OIL AW PILE HASTE PARAMETERS USED FOR SLOPE ITAIUITT ANALTSIS

Wit Dimity it Friction
Mtirlil Dimity Situntfon Cohnlon Angli

Mtirlil COO.KO, (PCF) (PCF) (PCF) (Dtgrin)
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••a

LOCUST STREET PILE

Short Tim Stability • Undnlmd
(Totil Strut) Condition

CovirSoll 1 126 130 0* 36*
Aitatitoi Proem Mill 2 71 76 SOO 0
Clndiri md Slig 3 10B 113 0* 40*
Clmton, Sltg> Cilclui Cirbomti 4 97 104 230 20
MgnnliaVCiiclui drbomtt 5 M B9 460 0
Imoatom Hdrock 6 1.6E«D6 30

long-Tim stability • Dnlnid
(EffKtlm strut) Condition

CovirSoll 1 126 130 0 36
Aibntoi Proem Uitti 2 71 76 0 44
Clndiri md SlH 3 108 115 0 40
Clndtn, 11*1, Cilclw Cirboniti 4 97 104 0 39
UgnnlM/Cilclui drtaomti i 89 89 0 37
tmfctom Hdrock 6 1.6E406 30

PIMT PILE

Short-Tim Stability

CovirSoll 1 123 128 0* 33*
Aibntoi Proem UMti 2 69 75 SOO 0
Clndiri *nd Slig 3 1M 115 0* 40*
Clndiri, Sltg, dlclm drbomti 4 97 104 230 20
mgmilui/dlclui drbomti 5 89 89 460 0
Smditont Mdrock 6 1.6Et06 30

Long-Tim Stability

CovirSoll 1 123 128 0 33
Albtltoi PrMMi Mitl 2 69 75 0 44
Clndiri md Sin 3 108 115 0 48
Clndiri, AIM, dlclm drbomti 4 97 104 0 39
Ntgrwtlim/Cilclui drbomti 5 89 89 0 37
Smmtoni Hdroek 6

* Drilmd (ifftetlvi itrm) condition.

o
AR300if72
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magnesium/calcium carbonate, and cinders/slag/calcium carbonate I
mixture) were evaluated in the slope stability analysis. Only
drained conditions were used for the cover soil and the cinder i
and slag material. The parameters for the short and long tern I
conditions are provided in Table 5-46. Short tern conditions are
used to assess the stability of the slope shortly after |
construction, before excess pore water pressure is allowed to
dissipate fron the fine grained materials. The long tern I
condition assumes steady-state seepage conditions where excess
pore water pressures have been fully dissipated. Due to the age '
of the piles (estimated at 30-50 years from aerial photographs '
taken in 1950 which indicate current configuration was already
established in terms of vertical extent at that tine) and the
lack of water in the piezoneters in the piles, it can be
concluded that near or complete steady state seepage and pore
water pressure dissipation has occurred in the piles. Therefore
the long-term stability analysis results are made relevant to the
existing conditions of the piles. The short-tern stability
analysis is provided as a comparison and basis for an evaluation
of potential stress conditions should the piles be significantly
disturbed or substantial loads are applied to tha piles that
result in excess pore water pressures in the fine grained
magnesium/calcium carbonate and asbestos process waste.

5.3.4.1 STABL2 slope Stability Computer Program

The STABL2 Slope Stability Computer Program was used for the
analyses of the four previously identified cross sections of the
Locust Street and Plant Piles. This program is based on the
Modified Bishop Method of Slices analysis procedure. (This
procedure is also referred to as the Simplified Bishop Method of
Slices). It assumes a circular arc failure node and calculates
the factor of safety of the slope for the assumed failure arc by
dividing tha slope into an appropriate number of slices and fj
statically analyzing the overall moment equilibrium and vertical
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force equilibrium of each slice. The development of the
governing equation for this analysis procedure is presented in
Appendix D. This equation is repeated here for the convenience
of the reader.

tin f^

n
n • __________

. Note that this equation represents the condition of long-tern
stability (drained shear strength analysis) indicative of steady-

i state seepage conditions within the slope and utilizes tha
affective stress strength parameters (c', 0) and tha pore water

jQ pressure (uw) pertinent to each slice. This latter parameter is
calculated as w x H, where w is the unit weight ot water and H
Is the vertical distance from the phreatic surface to the bottom
of the slice as measured along a vertical line passing through
the centroid of each slice. Long-tern stability conditions are
assuned to exist in the piles currently since the piles are over
40 years old.

Note also that for short-tern stability representative of the
end-of-construction condition for slopes (which nay occur if the
piles are disturbed and the stress condition is altered), an

: undrained shear strength analysis is appropriate in the case of
soils/waste materials of low permeability (asbestos process waste
and magnesium/calcium carbonate) that cannot readily dissipate
excess pore watar pressures created by excavation of the slope.
The undrained analysis utilizes total stresses (i.e., neglects
effects of uw) and total straas strength parameters (i.e., cu,

\̂ J BU). In this instance, another aquation fron Appendix D,
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repeated here for convenience, is appropriate for slope stability '»
analysis.

_. - linSi tiny891 'i * * '

I
I

ijVv«.v,.,] ,
nrs i

For the case of undrained analysis in a fully saturated fine '
grained material such as the magnesium/calcium carbonate and ,
asbestos process waste, pu may be assumed to be zero, and the |
nunerator of the above equation can be simplified accordingly.

It should also be noted that tha governing equations for '
undrained and drained slope stability analyses presented above Q!
(with the exception of the pu • 0° case) require an iterative
solution since the factor of safety (FS) term occurs on both ,
sides of the equations. The equations are therefore solved by an '
initial assumption of an FS value, followed by utilization of .
this assumed value in the equation to determine a calculated FS. /
The solution is achieved when the assumed and calculated values
of FS are equal. Note also that a solution to these equations is [
only appropriate for the assumed failure surface, which does not
necessarily constitute the critical failure surface. Therefore j
it is necessary to investigate a number of potential failure
surfaces and select fron among then the critical failure surface I
that produces the lowest FS. Tha STABL2 computer progran is I
structured to conduct this search within limitations established .
by the user. This search was conducted as described below.

Tha STABL2 Slope Stability Progran requires that the slope
geometry be defined with respect to a cartesian coordinate systen
utilizing positive values of tha X and Y coordinates. The line

5'192 flR300it75
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' segments defining the slope configuration and internal soil
stratigraphy are then coded by line segment number and X, Y
coordinates of their beginning and end points, The soil type
underlying each line segment is also coded by number. This
information, as well as information pertinent to each soil/waste
type, including moist and saturated unit weights, cohesion, and
angle of internal friction, are input into the progran. The
geometry of the phreatic surface, if appropriate, is also coded
by coordinates of the line segments defining its geometry and
input to the program. The choice of appropriate soil/waste
strength parameters is used to define the end-of-construction and
long-term stability cases.

Following input of the appropriate data, the search routine is
initiated by defining boundaries within which the failure circles
can initiate and terminate on the slope. The computer then •

Q proceeds to define a large number of these circles and calculates
their FS values based on the appropriate governing equation. A
copy of the computer printouts which illustrate the ten most
critical circles analyzed for the four pile cross sections are
presented in Appendix D along with the input parameter sheets.
The nost critical circle having the lowest FS of all circles
analyzed is identified by placing the No. "1" along the failure
circle.

5.3.4.2 Results of the STABL2 Slope Stability Analysis

The results of the slope stability analysis using the STABL2
conputer program are summarized in Table 5-47. The results are
summarized for each cross section, case number, and shear
strength condition. The STABL2 program determines the ten nost
critical surfaces and provides the location and factor of safety
for each critical surface. The location and range of factors of

. i safety for the computed ten nost critical surfaces are provided
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^ rin Table 5-47. The minimum factor of safety determined by the
progran is also identified. The results for each cross section
are discussed below:

Locust St. Pile

Cross Section l - (Located on the eastern side slope
adjacent to Hissahickon Creek, seasonal perched water
exists in this portion of the pile and was included in
the in-put parameters) - The failures included in the
10 nost critical surfaces were limited to shallow
failures within the soil cover and circular arc
failures in the cinder and slag berms. No deep toe
failures through the nagnesiun (calcium carbonate were
indicated for both the short and long term conditions.
The ninimum factor of safety (1.43) for the long term
case, which as discussed previously, is applicable to
current conditions compared to the short term
"construction" condition due to the cinder and slag
berm naterial. Thia factor of safety is just below the
recommended minimum long-term factor of safety of 1.5
for slope stability analysis as proposed in the Federal
Register. (Federal Register, "Part II, Title 30 -
Mineral Resources11, Office of Surface Mining
Reclamation and Enforcement, us Dept. of Interior,
Chapter VII, Part 715, Dec. 1977.) These factors of
safety are intended to be used as design guidelines for
new construction and are therefore not directly
applicable to existing slopes, especially those that
are over 40 years old. These values are mentioned in
this discussion for comparison but do not represent a
limit below which imminent failure would occur.
Due to the location of this cross section and the
existence of perched water within the pile in this area
a factor of safety close to the recommended minimum is
desirable for failures other than shallow cover soil
failures. A toe failure through the cinder and slag
berms could result in substantial migration of pile
waste naterials off-site in Hissahickon Creek resulting
in significant increases in potential exposure by
receptors. Toe buttresses such as gabion or concrete
retaining walls are recommended along this slope to
provide additional passive resistance and address
potential scouring by the creek.

RR3QOW
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o cross Section 2 - (Located on the eastern side slope
adjacent to wissahickon Creek - no perched water
detected in this portion of the pile).
short Tern condition - The short term condition
represents condition shortly after construction or in
this case, the potential condition if the piles were
significantly disturbed resulting in undrained stress
conditions in the fine grained magnesium/calcium
carbonate and asbestos process waste. Failures in all
three cases for the short tern conditions occurred in
the soil cover (FS • 1.21 - 1.51), cinder/slag berms
(1.46 - 2.15) and in the magnesium calcium carbonate
(1.01 - 1.48). The recommended short-term minimum
factor of safety for newly constructed slopes is 1.3 as
proposed in the Federal Register. Again, since the
Ambler piles are not newly constructed piles this can
only be used a as guideline. Of concern is the low
factors of safety calculated for the deep toe failures
through the magnesium/calcium carbonate. These factors
of safety, which in case 3 was close to unity (1.01)
indicate a potential failure could occur should the
stress condition of the piles change in which excess
pore water pressures increase in the fine grained waste
materials, this could occur if significant disturbance
of the piles occurs or significant loads are applied to
the tops of the piles.
Long Term Condition - No deep toe failures through the
magnesium/calcium carbonate were included in the 10
most critical surfaces for the long term condition.
Factors of safety close to or above 1,5 were calculated
for failures in the cinder and slag and are not deemed
a concern. The minimum factor of safety in all three
cases occurred in the cover soil (1.08 - 1.17). These
low values indicate the potential failure for within
the cover soil along this slope if no reinforcement/
stabilization of the cover soil occurs. The model does
not, however, factor in the strength provided by the
root system of the existing vegetative cover where a
significant interlocking root system has been
established factors of safety would be much higher.
Localized failures of the cover system may still occur
requiring maintenance to prevent exposure of underlying
waste materials.
Surcharge Loading - A surcharge load equivalent to a
loaded dump truck was applied to the 20 foot wide bench
on this section to sinulate potential loading of light
to medium construction equipment that would need to

. , access the piles if further cover remediation is
''• needed. The results indicate little or no change in

5""7 A R £001,80
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f ^the factors of safety computed without the surcharge '
loads. Due to the low factors of safety even without
additional surcharge loads localized failure of the
slopes can not be completely ruled out but seem
generally 'unlikely since the piles have been in their
consent configuration for over 40 years and no failures
were observed during the Removal Action when construc-
tion equipment accessed the top of the piles.
cross sections 3A s 3B - (Located on the northeastern
side slope adjacent to the former playground and on the
southern side slope adjacent to the floodway/access
road for sieve line) .
short Term Case - Results for both cross sections
included failures in the cover soil, cinder « slag, and
in the magnesium/calcium carbonate. Slightly higher
factors of safety were computed for cross section 3A by
the former playground. Failure in the cinder t slag
material and calcium carbonate were above the
recommended minimum factor of safety of 1.3 for newly
constructed slopes under undrained conditions. Minimum
factors of safety ranging fron 1.21 - 1.36 were .
computed for the cover soil in sections 3A t 3B. As
discussed previously the short term case is not ""•,
applicable to current conditions but may represent *-'
conditions under significant disturbance of the piles
if large sections of the piles were excavated or noved.
The factor of safety for failures in the cinder and
slag and calcium carbonate for most of the cases
(exception is case 3 cross section 3B) in the undrained
condition for cross sections 3A & 3B were just below or
above the minimum guideline of 1.3.
Long Term caaa - No deep failures through the calcium
carbonate were included in the 10 critical surfaces.
Factors of safety for failure in the cinder and slag
material were just below (1.37) or above the
recommended guideline of 1.5. The minimum factors of
safety occurred in the cover soil. Tha lowest (1.17)
occurred in the cover soil on cross section 3A. The low
factors of safety for the cover soil indicate potential
or continued shallow failure of the cover soil. As
mentioned previously, the input parameters did not take
into consideration the well established crown vetch
vegetative cover that has established a significant
interlocking root system in the cover which would
increase the factor of safety. It can be therefor*
anticipated that in areas where the crown vetch is not
well established or the cover is weakened by erosional
rills continued localized failure of the cover can be (

5-198
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' expected if no further remediation occurs (stabili-
zation of existing cover) and potential re-exposure of
asbestos containing wastes.
Plant Pile

o Cross sections 4A «4B - (Northeast and southwest side
slopes) The slope stability analysis results for these
two cross sections on the Plant Pile indicate that with
the exception of case 3, all the 10 most critical
surfaces occurred in the cover soil. No deep failures
through the calcium carbonate were computed for any of
the cases, case 3 which assumes the berms are a
mixture of cinders, slag and magnesium carbonate
throughout the berms included failures within the berm
materials. Case 3 uses the most conservative
parameters (one half the strength parameter of each
naterial) conpared to the other cases (see Appendix

. D). One half the undrained shear strength parameters
of the soft wet calcium carbonate and one half the
drained shear strength parameters of the cinder and
slag were used for the short term condition. The shear
strength of the ' calcium carbonate that has intruded.
into the berm material is expected to be nuch higher as
evident by the unconfined conpression test results on
the block sample taken fron the Plant Pile. A factor
of safety below unity was computed for the short term
condition for case 3 of cross section 4A. As discussed
above the undrained - case 3 condition is not
applicable to the existing conditions in the Ambler
Piles. These low factors of safety indicate, however,
that further investigation is needed if the piles are
to be disturbed and significant loads placed on the
piles. The results of the long term case 3 indicate
factors of safety for failures in the cinder and slag

i berms of 1.02 - 1.66. As discussed above case 3 is the
most conservative of existing conditions. These low
factors of safety, however, indicate that additional
stabilization such as buttresses or benches nay be
needed, and also further geotechnical investigation is
needed in the remedial design phase.

i Factors of safety below unity (0.935) to 1.22 ware
compiled for the critical surfaces in the cover soil.
These low factors of nafety confirm field observations
of localized cover failure. If the cover is not
further stabilized in those areas where the vegetative
cover is not well established, continued failure and
re-exposure of the waste material can be anticipated.
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C~̂5.3.4,3 Results of Infinite Slops Stability Analysis ' 'i
*

The results of the infinite slope stability analysis, assuming a
12 inch soil cover, 33 degree slope angle, and a friction angle |
of the soil of 36 degrees (see Table 5-45), indicate a factor of
safety of 1.12 which is conparable to the results of the STABL2 I
analysis.

5.3.4.4 Conclusions

Field observations over the past four years since the Removal I
Action has indicated slope failures have been limited to sliding
failures of the cover and one isolated shallow shear failure on ;
the Plant Pile. No evidence of large deep circular arc failures
have been observed or documented over the nor* than 40 year
history of the piles. Aerial photographs dating back to the •
early 1950's indicate that the horizontal extent of the piles was O,
already established before these photos and more than three
quarters of the vertical extent of the piles was established at •
this tine. The results of the slope stability analysis indicated
low factors of safety on several deep arc failures for the
undrained case. The existing condition of the piles do not
represent undrained conditions due to tha age of the piles and
lack of water in tha piezometers in the piles indicating excess
pore water pressures have nearly or completely dissipated; in
general it appears that a steady state seepage or drained
condition exist in the piles currently. These low factors of
safety indicate, however, that their is a potential for failure
if stress conditions in the piles change dramatically. Low
factors of safety were also computed for critical surfaces in the
cinder and alag naterial for both the short and long tern
condition, indicating localized failure of the berm material
could still occur although no evidence of this kind of failure
has been observed to date. It is recommended, however, that ,,
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additional toe support should be added to the slope along
Hissahickon Creek to provide both additional passive resistance
and prevent scouring by the creek, Toe support can be provided
by gabion or retaining wall structures. Further geotechnical
analysis in the remedial design phase is needed to further assess
the need and type of slope stabilization/toe buttressing along
Hissahickon Creek and other localized side slope areas of the
piles.

The results of the slope stability analysis also indicated low
factors of safety for critical surfaces in the cover soil
naterial. These results confirm field observations of sliding
type failures in the cover soil. Factors of safety will increase
significantly as an interlocking root network is established in
the cover soil and if erosion rills can be prevented by diverting
runoff away fron the slopes, if no remedial measures are taken*,
however, to stabilize areas of the existing cover where
vegetation is not wall established or erosion/ localized failure
of the cover has occurred continued failure of the cover can be
expected resulting in additional exposed area increasing the
likelihood of exposure to potential receptors.

Depending on the remedial alternative selected, further
geotechnical analysis is needed to assess slope stability
concerns under each alternative. Results of the slope stability
analysis indicate potential deep or shallow failures if the
stress condition of the piled change resulting from an increase
in excess pore water pressure. This may occur if the piles are
significantly disturbed by regrading or removal of the piles.
The configuration of the piles in which the soft wet calcium
carbonate is contained by cinder and slag bems presents extrene
difficulties for any regrading or renoval alternative. The
installation of a cover system should not introduce substantial
new loading on the piles as to alter the stress condition in the
piles but should be verified with further slope stability
analysis to be done in the remedial design phase.
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f \
Failure other than classical circular arc failure as nodaled in
this analysis may occur in the future due to the uncertain
characteristic of the berns where both hardened any very soft
calcium carbonate has intruded into the cinders and slag and the
uncertain heterogeniety of the southern portion of the Locust
Street Pile which was not nodeled due to the difficulty of
obtaining representative parameters of the solid wastes contained
in this section.

It can therefore be concluded that based on the slope stability
analysis localized failures of the cover and possibility of the
cinder and slag berns nay occur in the future without any
additional renedial action, resulting in the re-exposure of
aibeitos containing naterial and increasing the likelihood of
direct contact (ingestion and inhalation) of asbestos by
potential receptors (children playing on piles). Stabilization
of the existing cover with a geotextile or geogrid anchored into Q
the waste in areas where vegetation is not well established, '
local failure has occurred, and where erosion has damaged the
cover is a viable and effective technology to stabilizing the \
cover soils and to a certain degree the underlying cinders and
slag. Exposed areas that would be covered under a on-site ,
closure alternative should also be stabilized with geotextile
and/or geogrids anchored into the slope to provide additional
stability and address the shallow cover soil failure which were
most of the critical surfaces determined by the slope stability
program.

Further geotechnical study is needed in the renedial design phase
to investigate tha need for additional slope stabilization such
as toe buttresses and/or benches to address deepar failures in
the cinder and slag naterial.

O
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' 5.3.5 ERODIBILITV/FROST ACTION POTENTIAL OF EXISTING COVER
MATERIAL

The results of the grain-size analysis and plastic and linits
tests indicate the existing cover soil is composed predominantly
of fine sandy silts (ML) and low plasticity clayey silts (CL).
These type of soils are classified as "easily eroded" soils by
the Pennsylvania Bureau of Soil and Hater Conservation, Division
of Soil Resources and Erosion Control (Soil Erosion and Sedinent
Control Manual, February 15, 1985). Soils containing large
amounts of silt particles which lack cohesive characteristics and
are less than 0.074 mm in dianeter are generally classified as
having a high erosion potential. Field observations during the
RI indicate that on areas where 1) jute or wire nesh erosional

i control netting was used to reduce runoff velocity and rain drop
impact energy prior to the establishment of vegetation; 2) the'

f-̂  crown vetch grasses were well established; and (3) runoff from
the top of the pile was diverted away from the slope of the silty
cover, little evidence of erosional damage was observed. This
observation is consistent with the recommendation provided by the
Soil Conservation service (contacted by telephone) which stated
that the crown vetch grasses provide a good canopy and protect
the cover soil fron sheet erosion. These grasses are not
exceptionally good for surface flows (rills) and runoff should be
directed away fron the slopes with drainage swales and diversion
barns along the top of the slopes. Crown vetch has been used
successfully on other steep slopes by Pennsylvania Department of
Transportation. Although the existing soil cover is classified
as "easily eroded," erosion control neasures as discussed above
can be initiated to nininize erosional danage. If no renediation
is taken it con be expected that erosion of the cover especially
in those areas where the crown vetch is not well established and
arosion rills have fomed fron runoff, will continue potentially
exposing asbestos contaninated waste leading to an increase in
potential exposure by receptors.
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Table 5-48 presents the frost design soil classification
developed by the U.S. Army Corps of Engineers. The existing soil
cover falls into the F4 frost group which are the most frost
susceptible. It can therefore ba concluded that without further
renedial measures that include cover inspection and maintenance,
frost action nay danage the existing cover potentially exposing
asbestos containing materials increasing the risk to local
receptors,

If the selected renedial alternative includes capping of existing
exposed areas/ a low erodible/low frost heave potential cover
natarial is recommended. Erosion resistant naterial aa
classified in the PADER Soil Erosion and Sediment control Manual
consist of fine gravel, stiff clay, graded soils consisting of
loan (ailty clay) and cobbles, cobbles, stones, and rip rap,
According to tha U.S. Army Corps of Engineers, gravelly soils*
possess the lowest frost susceptibility, It can therefore be
formulated that a cover naterial consisting of a conpactad
somewhat clayey gravel (GH-GC in the Unified Soil Classification
System) would be suitable for use as cover at the Ambler Asbestos
Piles site. A greater percentage of gravel can be used on the
flat portions of tha piles, however, sufficient clay must ba
incorporated in the soil mix on the side slope to allow for
placement and long term stability of the material on the steep
side slopes.
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TABLE 5-48

U.S. ARMY CORPS OF ENGINEERS
FROST DESIGN SOIL CLASSIFICATION

Frost Percent Finer
Group than .02 mm

Fl Gravelly soils 3-10
F2 (a) Gravelly soils , 10-20

(b) Sands 3-15
F3 (a) Gravelly soils Over 20

(b) Sands, except very fine over 15
silty sands

(c) Clays, PI over 12
P) F4 (a) All silts

(b) Very fine silty sands Over 15
(c) Clays, PI less than 12
(d) Varved clays and other fine-

grained banded sediments

Fl Soils are the least frost susceptible.
F4 Soils are the most frost susceptible.

O
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ji label, It it due to tubttandand colon on condition o{ the otlglnal page.
•!;.,.'.,} • . ' . • . . ' " .



^ 6.0 ENDANGERMENT ASSESSMENT

6.1 INTRODUCTION

The Ambler Asbestos site la currently the subject of a Comprehensive
l Environnental Response, Compensation and Liability Act (CERCU) Remedial

Investigation/Feasibility study (RI/FS) being conducted by the Vaston project
team under contract to USEPA, The Ambler site Is classified as an enforcement
site, Indicating the possibility of cost recovery measures against potentially
responsible parties (FRFs), In cases where enforcement actions nay be taken
under Section lOĉ a) of CERCLA, the U.S. Environmental Protection Agency
(USEPA) Is required by the National Contingency Flan (NCF) to undertake an

I Endangerment Assessment (EA) to properly document and justify Its assertion
1 that "an Imminent and substantial endangerment to the public health or welfare

or the environment" resulting from "an actual or threatened release of a
hazardous substance" may exist, This endangerment assessment provides thit
justification and documentation, It is Important to note that "imminent" does

*W not mean immediate harm; rather, it means an Impending liak of harm,
Sufficient justification for determination of m imminent endangerment may

( exist if harm is threatened; no actual Injury need have occurred or be
occurring. Similarly, "endangerment" means something leas than isuuL harm
(USEFA 1985a).

i

This EA addresses the potential human health and environmental impacts
associated with the site under the no-action alternative, that is, in the
absence of remedial (corrective) action, Evaluation of the no-action
alternative is required under Section 300.68(f)(v) of the National Contingency
Flan (NCP). This assessment is organized as follows: Section 6.2 summarizes
the RI sampling results by environmental media to identify potentially site-
related chemicals that will be evaluated In this analysis. Section 6,3
presents the Hazard Identification in which the potential health effects are
dlscussad and the quantitative health criteria used in the risk assessment are
presented for the chemicals selected for evaluation, In Section 6,4, Exposure
Assessment, the potential pathways of exposure for human populations of

i "j greatest potential concern to human health will be identified for detailed

6-1
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evaluation. In Section 6,5, Risk Characterization, concentrations of **.
chemicals In sampled environmental media will be compared with Applicable or
Relevant and Appropriate Requirements (ARARs) and potential exposures through
the Identified pathways will be quantified where possible and the estimated
exposure levels will be combined with the health criteria presented in Section I
6,3 to estimate rlska. Section 6.6 will present an ecological risk assessment
for the Ambler site area, Section 6,7 will discuss the uncertainties i
associated with the risk assessment,

6,2 IDENTIFICATION OF1 SITE-RELATED CHEMICALS '

The earlier sections of the RI report have discussed In detail the site 1
background Information and the results of the investigations that have taken
place at the Ambler site, The results of sampling performed during the RI in
1987 and early 1988 are summarized in this section to identify chemicals to b*
evaluated In this endangerment assessment. Sampling results are discussed !
below by environmental mediun (soil, surface water, sediment, and air).

OiData are summarized for each medium by presenting frequencies of detection, '
concentration ranges or geometric means* and maximum detected values of each
chemical, The following guidelines were used in evaluating data: j

o To calculate the geometric mean for a medium In which a chemical was
positively detected in one or more samples, non-detects were Included I
in the mean by using one-half of each sample-specific detection limit, ]
Where sample-specific detection limits were unavailable, one-half of
USEPA1s Contract-Required Quantitatlon Limit (CRQL) was used, This ,
arbitrarily selected value (ona-half) Is commonly assigned to non-
detects when averaging data for risk assessment purposes, since the
actual value can be between zero and a value just below the detection
limit,

o Sample concentration! of certain inorganic chenlcals were compared
with those Uvels considered to be naturally occurring in order to
determine If the detected levels were elevated above background. In |
comparing Inorganic results with naturally occurring levels,
statistical evaluation was not possible since sufficient numbers
(three or more) of background samples were not available to calculate

'•Geometric means rather than arithmetic means were calculated because
collections of environmental concentrations tend to be log-normally
distributed (Dean 1981).

6-2
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fl| the standard deviation needed for an appropriate statistical teat,
vr However, a straight comparison of Ambler site soil results with

available regional soil background values will be made, In addition,
a comparison of Ambler site surface water results with available
regional surface water quality will be made, Sample levels which were
within these background ranges were considered to be present at
naturally occurring levels, Available background data of inorganic
chemicals in soil and surface water of concern are presented in Table
6-1.

o Concentrations reported for duplicate samples at a given sampling
point were first averaged by calculating a geometric mean of the'
sample and Its associated duplicate, If this geometric mean was below
the sanple detection limit, the sample was treated as a non-detect,

o Due to data validation problems concerning proper documentation of the
asbestos analyses conducted by PLM (personal communication with Tcrri
Loss of Weston, April, 1988), the detection limit for asbestos
analyses of soils and sediments are considered to be St.

o Several sanple results were flagged with a J, indicating that these
chemicals were detected but that the reported levels were estimated,
Although these estimated results add an additional degree of
uncertainty to the reported concentrations (i.e., they may
overestimate or underestimate actual values), they have been taken at

O f a c e value in this endangerment assessment. However, if one of these
values is seen to play an important role in determining risk, the
uncertainty will be noted at that time.

The extent of contamination in the areas sampled and the Identification of
site-related chemicals by medium sanpled are presented in the following
sections. First, chemicals detected In each sampled medium are summarized,
Then those chemicals that are suspected or known to be site-related are
identified for further evaluation in the risk assessment, Chemicals were
determined to be site-related if they were present in environmental media at
concentrations above background concentrations and/or could be related to past
disposal practices at the site, Chemicals which were detected Infrequently in
the samples collected from a specific medium or were detected at low
concentrations near to or below EPA's Contract-Required Quantitatlon Limits
(CRQLs) in a sampled environmental medium, and are not known to be associated
with past disposal practices are not considered to be site-related chemicals
of concern,
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TABLE 6-1

BACKGROUND CONCENTRATIONS OF INORGANIC CHEMICALS PRESENT
IN SOILS AND SURFACE WATER IN THE REGION OF AMBLER, PENNSYLVANIA

Chemical

Aluminum
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Silver
Sodium
Vanadium
Zinc

Sucflclal
Soils
(mg/kg)a

50,000 - 100,000
NAP

1 • 1.5
NAP

130 - 7,900
NAP

5 - 70
15 • 30

20,000 • 100,000
NAP

1,500 • 10,000
UO • 3, QUO

NAP
10 • 200

6,800 • 25,000
NAP

5,000 • 10,000
50 • 500
28 • 510

Surface
Water

(ug/llter)b

NA
100
NA

1 • 4
22,000 • 50,000

10 • 20
1 • 3
6 - 14

310 • 520
1 • 23

7,700 • 21,000
110 - 390
<0,1 - 0.2
5 • 15

2,200 - 5,400
<1 • 1

13,000 • 48,000
NA

30 • 220

NA - Not available,

NAP - Not applicable, Chmlcal not detected In soil or sediment samples at
the Ambltr aite,

* Shacklette and Boerngen (1984). Pennsylvania background concentrations in
area of the Ambler site,

k USGS (1982). Concentration at Schuylkill River U.S. Geological Survey water
quality station (#01474500) approximately four miles downstream of
Hissahickon Creek confluence.
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6,2,1 SOILS

As discussed in Section 5 of the RI report, both surflclal and subsurface soil
samples were collected from both the Locust Street and Plant piles at the
Ambler site, Most surflclal soil sanples were of the cover material on the
piles and were analyzed for physical parameters only, and therefore are not
further discussed, Some surficlal soil sanples (0 to 2 feet depth), however,
were collected on the site piles for the analysis of asbestos, Total asbestos
concentrations, detected in 8 of 11 sanples, ranged from 51 to 45t (FLM
areat), with a geometric mean concentration of 121. Analytes for soil samples
included asbestos, volatile organic compounds (VOCs), base-neutral/acid
extractable chemicals, pesticides/PCBs, metals, and cyanides from EPA's Target
Compound List (TCL).

6,2,1,1 Reeulta of Soil Boring Chemical Analyses

Concentrations of chemicals of potential concern present in the soil borings
•t the Ambler site piles are summarized In Table 6-2, A total of 64 soil
boring samples, ranging In depth from zero feet to 62 feet, were collected and
analyzed for asbestos content by PLM (excludes borings in which only soft
spent calcium/magnesium carbonate was observed). A detailed discussion of the
variation of asbestos concentrations with depth is presented in Section 5 of
the RI, Asbestos (primarily consisting of chrysotile fibers) was detected In
16 of 23 samples collected from 0-4 feet, with a maximum concentration of 55%.
Asbestos was detected In 19 of 41 deeper soil borings (4-62 feet) also with a
maximum concentration of 55%,

A total of ten soil boring sampler, of varying depths were analyzed for TCL
oetals and cyanide although no suri.̂ i soil samples were analyzed for these
chemicals, As discussed in detail in i;*tcion 5, concentrations of Inorganic
chemicals in subsurface soil borings varied with depth. In order to identify
potential chemicals of concern in the subsurface soils, soil boring samples
for inorganics were grouped by the follow! ig depth ranges: 10-25 feet, 45-60
feet, and 65-67 feet, In the 10-25 foot d.pch range, maximum concentrations
of calcium, copper, magnesium, manganese, i ickel, and zinc were present above

i
6-5
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TABLE 6-2 ^v
v I

CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN IN SOIL BORINGS
AT THE AMBLER SITE

Chemical
(depth sampled)

Asbestos1* (%):
(0--41)
(4'-62')

Inorganics0 (mg/kg) :
Aluminum

(10--251)
(45- -60')
(65- -67')

Calcium
(10'-25()
(45' -60')
(65'-67()

Copper (10 '-25')
Iron

(10- -25')
(45' -60')
(65' -67')

Magnesium
(10- -25')
(45' -60')

Manganese (10' -25')
Nickel (10- -25')
Potassium

(10- -25')
(45' -60')
(65'- 67')

Sodium
(W-25')
(45- -60')
(65* -67')

Vanadium (10' -25')
Zinc
(W-251)
(45' -60')
(65- -67')

GXinldft (ug/kg):
(2--41)
(4' -40')
(50' -52')

Frequency

16/23
19/41

5/5
4/4
1/1

5/5
4/4
VI
4/5

5/5
3/4
1/1

5/5
4/4
5/5
4/5

5/5
4/4
1/1

5/5
4/4
1/1
1/5

5/5
2/4
1/1

1/4
3/21
1/3

Geometric
Mean

12t
61

4,800
1,170

NR

152,000
337,000

NR
23

6,000
1,930

NR

74,000
45,800

340
160

550
255
NR

415
350
NR
NR

170
5
NR

NR
NC
NR

6-6

Maximum

55%
55%

8 490J
1.350J
24.600J

332.000J
343,000,1.
37.100J

118

17.200J
2.570J
14.SOOJ

120.000J
63,500.1

444J
590

1,660
324

1,110

540
440
297
109K

7,330
14
57

810
640
910

Background*

...

...

50,000-100,000

130-7,900

15-30
20,000-100,000

O
1,500-10,000

150-3,000
10-200

6,800-25,000

5,000-10,000

50-500

28-510

———— O
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TABLE 6-2 (Continued)

CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN IN SOIL BORINGS
AT THE AMBLER SITE

Chemical Frequency Geometric Maximum Background8
(depth sampled) Mean

Volatile Organlcad (ug/kg):
Chloronethane (>17') 1/36 NR 10
Bromomethane (>17') 1/36 NR 10
Vinyl Chloride <>17') 1/36 NR 10
Chloroethane (>17') 1/36 NR 10
Carbon Disulfide (32'-62')7/36 3.7 80
Styrene (>17') 1/36 NR 2J
Tetrachloroethene (>V) 1/36 NR 2J

Semi-Volatlla Or;anlcsa (ug/kg);
Dl-n-butylphthalate
(4'-7') 1/3 NR 45J
(10'-25f) 5/8 94 170J
(25'-38') 2/8 124 260J
(45'-62') 3/7 51 120J

Dl-n-occylphthalate
(10'-25') 1/8 NR 210J
(25'-38') 1/7 NR 100J
(45'-62') 1/7 NR 420J

Bis•2 -ethylhexylphthalate
(4--'7) 1/3 NR 50J
(10*-25') 7/8 142 550J
(25'-38') 4/7 133 270J
(45'-62') 6/7 130 350

Dl-ethylphthalate
(10--25') 3/8 135 226,8J
(25'-38') 1/8 NR 99.2J
(45'-62') 1/7 - NR 81.2J

4-Methylphenol
(25'-38() 1/8 NR 23.U
(45'-62') 2/7 23 28J

Phenol
(25'-38') 1/8 NR 95.2J
(45'-62») 1/7 NR 82.6J

Dlbenzofuran (10'-25') 1/8 NR 420
N-nltrosodlphenylamlne
(10--25') 1/8 NR 370J
(25'-38') 1/8 NR 270J

Benzole acid (10'-25') 2/8 631 780J

6"7 AR3GGi,98
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TABLE 6-2 (Continued)

CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN IN SOIL BORINGS
AT THE AMBLER SITE

o

Chemical
(Depth sampled)

Frequency Geometric
Mean

Maximum Background*

Noncarclnoeenlc PAH«a (ug/kg) ;
Phenanthrene
(4'-7')
(10'. 25')
(25'- 38')
(45'.62')

Fluoranthene
(4'-7')
(W- 25')
(25'- 38')

Pyrene
(4'- 7')
(10'- 25')
(25'- 38')

2-Methylnaphchalene
(4'- 7')
(10'- 25')

Benzo(g,h,l)perylene
(4'- '7)
(10'- 25')
(25'- 38')

Anthracene (10' -25')
Naphthalene (10 '-25')
Fluorene (10- -25')
Acenaphthylene (10 '-25')
Total Noncarclnogenlc PAHs

(4'- '7)
(10- -25')
(25'- 38')
(45'- 62')

Carcinogenic PAHa^ (ug/kg) !
Chrysene
(4'-7')
(10'-25')
(25'- 38')

Indeno ( 1 , 2 , 3 • c , d) pyrene
<4'-7')
(10'- 25')

2/3
1/B
1/8
1/7

2/3
2/8
1/8

2/3
2/8
1/8

1/3
1/8

1/3
1/8
1/8
2/8
1/8
1/8
1/8

1/3
2/8
2/8

1/3
1/8

6-8

124
NR
NR
NR

177
196
NR

119
228
NR

NR
NR

NR
NR
NR
148
NR
NR
NR

420
572
NR
NR

NR
213
97

'

NR
NR

170J
1,500J

55J
3.6J

260J
1.100J

49J

160J
1.700J

84J

140J -•• Q
2,000

88J
160J
HOJ
400J

1,. 0
59J
98J

818
8,317
298

3.6J

87J
1.900J
UOJ

9SJ
84J

O
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TABLE 6-2 (Continued)

CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN IN SOIL BORINGS
AT THE AMBLER SITE

Chemical Frequency Geometric Maximum Background"
(Depth sampled) Mean

Carcinogenic PAHs fCont.) (ug/kg)!
Benzo(a)anthracene
(4'-7() 1/3 NR 59
(10'-25') 2/8 208 1.200J
(25'-38') 1/8 NR 120J

Dlbenzo(a,h)anthracene
(10'-25') 1/8 NR 59J

Total Carcinogenic PAHs
(4'-7') NR 241
<10'-25') 832 7,043
(25'-38') NR 660
(45'-62() NR 1,154

PaaticIdea/PCB«f (ug/kg):
Heptachlor
(10'-22') 3/3 8,6 13.33J
<25'-37') 1/3 NR 6.3J
(62'-63') 1/3 NR 5.8J

gamna-BHC (25'-37') 1/3 NR 101J
Aldrin (25'-37() 1/3 NR 7.7J
Dieldrln (25'-37') 1/3 NR 6.4J
Endrin (25'-37') 1/3 NR 14J
Endosulfan
Sulfate (25'-37') 1/3 NR 25J

4,4'-DOT (25--37') 1/3 NR 16J
Aroclor 1254 (25'-37') 1/3 NR 160

Notes for Table 6-2 on following page,

AR300500
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NOTES FOR TABLE 6-2 0
NC - Not calculated because insufficient data were available,
... > Not relevant for asbestos or organic chemicals.
NR - Not relevant, Only one sample contained detectable concentrations,

'Shacklette and Boerngen (1984), Pennsylvania background concentrations In
the area of Ambler,
bSea Tables 5-30 and 5-31 of the RI report for sample ID numbers, Note that
the asbestos concentrations are reported in percent, not mg/kg,
Concentrations are mostly chrysotile; amoaite, and crocodilite and tremollte
are minor components of mixture,
clnorganic Sanples:
10 • 25 Feet: AAP.SB-B2.12, AAP-SB-B2-13, AAP-SB-B6-13, AAP-SB-B8-13,

AAP-SB-P6-06
45 • 60 Feet: AAP-SB-B2-13, AAP-SB-B4-14, AAP-SB-B7-14, AAP-SB-B8-14
65 - 67 Feet: AAP-SB-B5-15

Volatile Organic Samples: Bl-05, Bl-07, Bl-12, B2-02, B2-03 (dupl. of B2-09),
B2-06, B2-09, B3-02, B3-06, B3-08, B4-04 (dupl. of B4-09), B4-08, B4-09,
B5-03, B5-13, B6-03, B6-05, B6-07, B6-09, B7-03, B7-06, B7-09, B8-02,
B8-05, B8-08, B9-05, 89-09, B9-12, 89-14, BIO-04, BIO-06, B11A-03, BllA-05,
B11A-06, B12-06, PI-04, P2-02, P2-03

'Seal-Volatile Sanples;
4 • 7 Feet: B8-02, PI-04, P3-03
10 • 25 Feet; Bl-07, B2-02, B3-06, B5-03, B6-03, 86-05, B7-03, B11A-03 ,-, ,
26 • 38 Feet: B4-04 (dupl. of B4-09), B7-06, B8-05, B9-05, BIO-04, BIO-06, ( /!

BllA-05, B12-06
45 • 62 Feet: B3-08, B4-08, B5-13, B6-07 (dupl, of B6-09), B7-09, B9-09,

B9-14
fPesticide/PCB Samples;
10 - 22 Feet: B6-03, B6-05, B7-03
25 • 37 Feet: B4-04 (dupl. of B4-09), B7-06, BIO-06
55 - 63 Feet; B4-08, B6-09 (dupl, of B6-07)

O
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/f\ background concentrations in four or five out of five samples. Calcium was
the only inorganic chemical significantly elevated above background levels in
the samples collected fron either the 45-60 foot or the 65-67 foot depths and

, was detected in all samples collected ac these depths, Cyanide was detected
in five samples out of a total 28 samples at low concentrations near its CRQL
including 0,81 mg/kg at 2-4 feet and 0,91 mg/kg at 50-52 feet, Based on these
low concentrations and Infrequent detections, and also because cyanide is not
known to be associated with past disposal practices, it will not be considered
further,

Thirty-nine aoil boring sanples of varying depths (Including three duplicates)
were analyzed for VOC content although no surface soil sanples were analyzed
for VOCs, Carbon disulfide (detected in 7 of 36 samples from 32-62 feet) was
the only volatile organic chemical detected In more than one sample, It was,
however, detected at low concentrations and is not known to be associated with
past disposal practices, thus it is not considered further. Six VOCs ,
(chloromethane, bromomethane, vinyl chloride, chloroethane, tetrachloroethene,

x-s and 1,1,2,2-tetrachloroethane) are not further considered since they were
detected only once in 36 soil boring samples from all depths at levels equal
to or below the EPA CRQLs, Acetone and methylene chloride were present in
nany soil boring samples at levels similar to those measured in either trip or
field blank samples; therefore, these two chemicals are not considered to be

: site related and are not further considered,

A total of 25 semi-volatile chemicals were detected in soil boring sanples at
varying depths, The sanple results have been presented in Table 6-2 in four
depth ranges (4-7 feet, 10-25 feet, 25-38 feet and 45-62 feet), In the

i, shallowest soil samples analyzed, five noncarcinogenic PAHs, three
carcinogenic PAHs and two other seml-volatiles were detected, (The
classification for PAHs Is explained later in this EA.) In the 10-25 foot
range, nine noncarcinogenic PAHs, four carcinogenic PAHs and seven other lemi-
volatiles were detected, In the 25-38 foot range, four noncarcinogenic PAHs,
two carcinogenic PAHs and seven other seml-volatiles were detected, In the
deepest soil samples (45-62 feet), one noncarcinogenic PAH was detected but no
carcinogenic PAHs and six other seml-volatiles were. These results suggest

O
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that, in addition to asbestos, the Plant and Locusc Street piles may contain a /•>
wide variety of PAHs, Potential sources of PAHs nay Include the cinder and
slag materials used in the piles. The senl-volatlles other than PAHs were
detected relatively Infrequently at levels near to or below their CRQLs and
they are not known to be associated with past disposal practices; thus they
will not be considered further, Di-n-octylphthalaee was detected only once in
three of the four depth ranges, however, it was also detected In the
decontamination water sanple, Bls-2-ethylhexylphthalate was detected in
several soil boring sanples (18 of 25) at concentrations near to or below the
CRQL but It was also detected In all the field blanks, I

Nine soil boring samples at different depths were analyzed for pestlcide/PCB
content, The pesticide heptachlor was detected in soil boring samples at all
depths analyzed (10-22 feet, 25-37 feet, and 62*63 feet), At the 25-37-foot
depth, estimated concentrations of gamma-BHC, heptachlor, aldrln, dleldrin,
endrin, endosulfan sulfate, and 4,4'-DOT were also detected In one of three i
sanples (sample SB-B4-04, 25*27 feet), The pesticides were detected
relatively infrequently at concentrations near to or below their CRQLs and are s~\
not known to be associated with past disposal practices at the site; thus the
pesticides are not considered further, Aroclor 1254 was detected in one of
three soil boring sanples (sample SB-B10-06, depth 35*37 feat) at a I
concentration of 160 ug/kg, equal to the CRQL and It is not considered
further. '

6,2,1.2 Reaulca of Soil Teat Pit Analvies

Concentrations of chemicals of potential concern present In sanples collected
from the four test pits are presented in Table 6-3, Asbestos was detected,in
two of the seven test pit samples (Including one duplicate) with a maximum
concentration of 15%, One test pit soil sample from 1*4,5 feet was analyzed
for the presence of inorganic chemicals. Although nine Inorganic chemicals
(aluminum, calcium, copper, Iron, magnesium, manganese, potassium, sodium, and
zinc) were detected, based on a comparison with regional inorganic background
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TABU 6-3

CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN
IN TEST FIT SOILS AT THE AMBLER SITE

Geometric
Chemical Frequency Mean Maximum Background8

Aabestos (%): 2/7 <5% 15%

Inorganics (mg/kg):
Aluminum 1/1 NR 1.440J 50,000-100,000
Calcium 1/1 NR 14,200J 130*7,900
Copper 1/1 NR 11 15*30
Iron 1/1 NR 5.550J 20,000*100,000
Magnesium 1/1 NR 5.890J 1,500-10,000
Manganese 1/1 NR 51J 150-3,000
Potassium 1/1 NR 54 6,800-25,000

C) Sodium 1/1 NR 54 5,000-10,000
^ Zinc 1/1 NR 7,9 28*510

Organic! (ug/kg):
1,1,2,2-Tetrachloroethane 1/5 NR . • 8
Ethylbenzene 1/5 NR 4J
Acetone 1/5 NR 17

Samples: TP-TP1A-03, ST-TP1B-03, ST-TP.B-04, ST-TP2A-01, ST-TP2A-02
• • • -Not relevant for asbestos or organic chemicals,
NR - Not relevant, Only one sample contained detectable concentrations,

•Shacklette and Boemgen (1984), Pennsylvania background concentrations in
the area of Ambler,

O
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concentrations, calcium was the only inorganic chemical significantly elevated M
above background,

Seven test pit soil samples (including one duplicate and one trip blank) were
analyzed for the presence of VOCs, Ethylbenzene, acetone, and 1,1,2,2-
tetrachloroethane were detected in one of five samples (ST-TP2A-01) at levels •
close to or below CRQL values and these volatiles are not known to be
associated with past disposal practices; thus they are not considered further,
1,1,2,2-Tetrachloroethane was also detected in the trip blank. Only three
seml-volatiles were detected In the six test pit samples collected (N-
nitrosodiphenylanlne, dl-n-butylphthalate and bis-2-ethylhexylphthalate),
however, there was significant blank contanination for these chemicals and
they will not be considered further for this medium, No cyanide or
pesticides/PCBs were detected In any of the test pit sanples,

6.2.2 LAGOON SURFACE WATER AND SEDIMENTS

f—*
As discussed in Section 5 of the RI report, samples of the on-slte lagoon -<̂ j
surface water and sediments were collected and analyzed for TCL compounds
Including VOCs, seal-volatiles, pesdcldes/PCBs, metals, and cyanide.
Selected sanples of both water and sediments were also analyzed for asbestos
content. The results are discussed below by medium,

6,2.2,1 Results of Lagoon Surface Water Analvaag

Concentrations of chemicals of potential concern present in lagoon surface
water are presented in Table 6-4. Transmission electron microscopic (TEM)
analysis for asbestos fibers wss conducted on three water samples collected
from the lagoon (including one duplicate), with water concentrations of
chrysotile ranging from 10,000 million fibers/liter (MF/liter) to 18,000
HF/liter (geometric mean of duplicates with 20,000 and 16,000 MF/llter),

Three surface water sanples (Including one duplicate) were analyzed for the
presence of TCL metals, Barium, iron, magnesium, manganese, potassium, and

O
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TABLE 6*4

CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN IN
LAGOON SURFACE WATER AT THE AMBLER SITE

Geometric
Chenlcal Frequency Mean Maximum Background8

Asbestos0 (MF/liter); 2/2 14,000 18,000

Inorganics0 (ug/liter):
Aluminum 2/2 170 200J
Barium 1/2 NR 61J 100
Calcium 2/2 20,500 41.900J 22,000 • 50,000
Iron 2/2 160 180J 310 * 520
Magnesium 2/2 8,640 12.100J 7,700 • 21,000
Manganese 2/2 6,9 11,9J 110 • 390
Potassiun 1/2 NR 1,550 2,200 • 5,300
Sodium 2/2 37,300 43,700 13,000 • 48,000
Silver 2/2 9 9L <1 • 1
Zinc 2/2 330 360J 30 • 220

Organlcac (ug/liter):
Toluene 2/2 2,4 3J

MF - million fibers.
NR - Not relevant, Only one sample contained detectable concentrations,
J - Estimated value,
L - Analyte was present but reported concentration may be low due to low spike

recovery,
••• • Not relevant for asbestos or organic chemicals,

'Schuylkill River water quality station approximately four niles downstream of
the Wissahickon Creek confluence (USGS 1982),

bAsbestos Samples: SW-LG-008, SU-LG-009/010
cSample IDs: SWL-001-01, SWL-002-03 (dupl. of 002-04), SWL-002-04
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sodium were present at levels within the range considered to be naturally ( p
occurring, Only silver and zinc, detected In both Inorganic sanples, were
present above background levels, Aluminum was also detected but background
levels were unavailable for comparison, Three samples (Including one
duplicate) were also analyzed for VOC content, Of the two TCL VOCs detected,
nechylene chloride was present at levels below those found in trip and field
blanks and will not be further considered, Toluene was detected at low (i.e.,
below the CRQL) concentrations In both sanples and it is not known to be
associated with past disposal practices; thus it Is not considered further, ,
Saul-volatile compounds, peatlcldes/PCBs, and cyanide were not detected at
concentrations exceeding the CRQLs in any of the Ugoon surface water samples,

6,2,2,2 Results of Lagoon S«dtm«nC Analysts I

Concentrations of chemicals of potential concern in the lagoon sediments are ,
presented In Table 6*5, Two samples of the lagoon sediments were collected '
and analyzed by polarized light microscopy (PLM) for the presence of asbestos,
with concentrations of chryaotile asbestos (the only type of asbestos (_,/•
detected) ranging from <5% to 5% by area, with a geometric mean below the PLM
detection limit of 5% by area,

Two sediment samples were collected from the on-site lagoons and analyzed for i
inorganic, VOC, semi-volatile, and pesticlde/PCB content. Of the inorganic
analytes, calcium, copper, magnesium, and zinc ware present in both sanples at |
levels exceeding the maximum regional background levels for soils. Carbon
disulfide, the only VOC positively detected, was present in one of the two
lagoon sediment samples at an estimated level near to its CRQL and It Is not
known Co be associated with past disposal practices, thus it will not be
considered further. Cyanide was not detected In the lagoon sediment samples,
Although no carcinogenic polycyclic aromatic hydrocarbons (PAHs) were detected
In either of the two lagoon samples,, low levels (I.e., near the CRQL) of
noncarcinogenic PAHs were detected in the lagoon sediments, Levels of 4,4'-
DDE, 4,4'-DOT, and 4,4'-ODD were detected at estimated concentrations in the

G
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TABLE 6-5

CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN IN
LAGOON SEDIMENTS AT THE AMBLER SITE

Geometric
Chemical Frequency Mean Maximum Background"

(•): 2/2 <5t 5%
Inorganics0 (mg/kg) ;
Aluminum . 2/2 7,881 15,300 50,000-100,000
Beryllium 1/2 NR 1.5J 1-1.5
Calcium 2/2 143,000 177,000 130-7,900
Copper 2/2 82 203 J 15-30
Iron 2/2 8,140 ' 9,890 20,000-100,000
Magnesium 2/2 29,100 40, 400 J 1,500-10,000
Manganese 2/2 732 1.510J 150-3,000
Nickel 2/2 89 174 10*200
Potassium 1/2 NR 1,230J 6,800-25,000
Vanadium 1/2 NR 20J 50*500
Zinc 2/2 283 714J 28-510

Organlea" (ug/kg):
Acetone 1/2 NR 470 •••
Carbon Disulfide 1/2 NR 15J

Noncarelnotenle PAHic (ug/kg) :
Phenanthrene 1/2 NR 260J
Fluoranthene 1/2 NR 240J
Pyrene 1/2 NR 370J
Total Noncarcinogenic
PAHs 1/2 NR' 870

Paitlcldag/PCB«C (ug/kg):
4,4'*DDE 2/2 160 160J
4,4'*DDD 2/2 160 160J
4, 4' -DOT 2/2 160 160J

... - Not relevant for asbestos or organic chemicals,
NR - Not relevant, Only one sample contained detectable concentrations,

"Shacklette and Boerngen (1984), Pennsylvania background concentrations in
the area of Ambler,
bAsbestos Samples: SD-LG-008, SD-LG-009/010
Samples; SD-001-01, SD-002-02
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lagoon sediments at the CRQL of 160 ug/kg and are not known to be associated (~\\
with past disposal practices, thus they are not considered further,

6,2.3 SURFACE WATER AND SEDIMENTS IN WISSAHICKON CREEK AND DRAINAGEWAYS

6,2,3,1 Raaulcs of Surface Water Analyses

Results of surface water asbestos analysis by TEM are presented In Table 6*6,
As indicated in Section 5,1,4, these samples represent a worst-case condition
since they were collected following a storm event, Surface water samples
taken from the vicinity of the East Maple and Hest Maple Avenue piles, from
Wassahickon Creek, and from site drainage areas were analyzed by TEM for
asbestos content, The surface water collected off sice near the Maple Avenue
piles contained the highest levels of asbestos, varying in concentration from |
4,500 to 8,700 MF/liter. Asbestos concentrations In creek surface water near
the Anbler site were much lower, varying from 52 to 450 MF/llter with the |
highest concentration In the sample located directly east of the site (SW-ST-
005) and the lowest In the sample collected northeast of the site (SH-ST-002) O i
at the base of the Locust Street pile. Among the three samples collected In
drainageways near the site, the storm sewer discharge from the Locust Street
pile (SW-DR-003) contained the highest levels of waterborne asbestos (3,700
MF/llter) with asbestos concentrations in the drainage sanples generally
decreased with distance downdralnage from the site. The sc'.-ce of asbestos In
this sample could be the Locust Street pile, stomwater runoff from the area
northeast of the Locust Street pile, or both. The surface water reaults
generally indicate that drainage from both the Ambler site and the Maple
Avenue piles contribute asbestos to Wissahickon Creek, The results are not
detailed enough, however, to develop separate asbestos concentration estimates
in surface water asaoclated with each of these source areas. No surface wacer
samples from the Wissahickon Creek were analyzed for the presence of TCL
compounds.

Concentrations of inorganic chemicals of potential concern In surface water
are also presented in Table 6-6, Six surface water samples were collected

o
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TABLE 6*6

CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN IN CREEK,
DRAINAGEWAY, AND STANDING SURFACE WATER AT THE AMBLER SITE

Geometric
Chemical Frequency Mean Maximum Background8

(MF/llter):
Near off-site piles 2/2 6,260 8,700
Creek 3/3 167 450
Drainageways 3/3 1,190 3,700

InorganlegS Sanplas from Standing
Surface Water0 (ug/llter) :
Aluminum 6/6 670 27.800J
Barium 5/6 110 360 100
Beryllium 1/6 NR 2.2J
Cadmium 1/6 NR 8.6J 1-4
Calcium 6/6 53,200 118, 000 J 22,000-50,000
Chromium 1/6 NR 39J 10-20
Cobalt 1/6 NR 25 1-3
Copper 3/6 19 73J 6-14
Iron 6/6 1,580 42, 800 J 310*520
Lead 4/6 12 120J 1-23
Magnesium 6/6 56,700 147,OOOJ 7,700-21,000
Manganese 6/6 250 1,470J 110-390
Mercury 1/6 NR 0.2 <0,1-0,2
Nickel 1/6 NR 42 5-15
Potassium 5/6 9,140 28,300 2,200-5,400
Silver 6/6 9 9L <1*1
Sodium 6/6 15,800 39,800 13,000-48,000
Vanadium 1/6 NR 58
Zinc 6/6 70 240J 30-220

J - Estimated value,
L • Analyte was present but reported concentration may be low due to low spike

recovery,
-•• - Not relevant for asbestos or organic chemicals.
NR - Not relevant. Only one sample contained detectable concentrations,

'Shacklette and Boerngnen (1984) , Pennsylvania background concentrations in
the area of Ambler,
"Chrysotile asbestos, Aabestos sanples: SW-ST-001, SU-ST-002, SW-ST-005,
SH-ST-007, SW-ST-013, SW-DR-003, SW-DR-004, SW-DR-006
Samples: SS-001-01, SS-002-02, SS-003-03 (dup of SS-003-04), SS-003-04,

SS-004-05, SS-005-06, SS-006-07
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from standing surface water and drainageways and analyzed for TCL compounds ^
including VOCs, seml-volatiles, pesticides/PCBs, metals', and cyanide. No
VOCs, seml-volatiles, pesticides/PCBs, or cyanide were detected, Maximum
concentrations of several inorganic chemicals exceeded available background
concentrations (USGS 1982). Inorganic chemicals detected above background in
one of six samples were beryllium, cadmium, chromium, cobalt, nickel, and
vanadium. These chemicals were detected in a stagnant water sample (SS-004-
05) located off site in the flood plain south of the Locust Street Pile,
Although access to this spot Is not limited, It la considered highly unlikely '
that exposures to chemicals of potential concern to human health would occur
at this specific location and thus these chemicals will not be considered
further, Furthermore, it cannot be determined whether the presence of i
inorganics in this spot is site-related. Other inorganics detected at above
naturally occurring levels or for which background data were unavailable were |
aluminum, barium, calcium, copper, iron, lead, magnesium, manganese,
potassium, and silver, Among these, silver was estimated at a concentration
below its CRQL and is not known to be associated with past disposal practices;
thus it will not be considered further in this medium. /•">

6,2,3,2 Reaulta of Sediment Analvaea
i

Sediment samples were also analyzed for asbestos content by PLM as shown in
Table 6-7, Asbestos was not detected in the three sediment samples collected |
from Wassahickon Creek, and was not detected in drainage sediment samples
collected nesr the Locust Street pile and downdralnage from the lagoons. '
Asbestos vas, however, detected In the two samples collected near the Maple
Streec piles at concentrations from 5% to 43%, These results indicate that in t
addition to the filter lagoons which contained roughly 5% asbestos, the Maple ,
Streec piles act as a potentially larger source of asbestos into the
environment, :

For the analysis of TCL compounds, three sedlnent samples were collected
moving downstream of the sice lagoon dlschsrge along the ditch to the
Wassahickon Creek, and two sediment sanples were collected from Wassahickon

O
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TABLE 6-7

CONCENTRATIONS OF CHEMICALS' OF POTENTIAL CONCERN IN CREEK
AND DRAINAGEWAY SEDIMENTS AT THE AMBLER SITE

Geometric
Chemical Frequency Mean Maximum Background8

Aabestos" (%){
Near Maple Street piles 2/2 15% 43%

Inoryanica0 (Hg/kg)!
Aluminum 5/5 4,040 5,880 50,000-100,000
Beryllium 2/5 .52 0.56J NA
Calcium 5/5 9,820 45,600 130-7,900
Cobalt 1/5 NR 10J 5-70
Copper 5/5 20 53J 15-30
Iron 5/5 9,291 15,000 20,000-100,000
Magnesium 5/5 4,580 16,200J 1,500-10,000
Manganese 5/5 308 1,210,1 150-3,000
Nickel 5/5 20 38 10-200
Potassium 5/5 613 1,240 6,800-25,000
Vanadium 5/5 10.8 16 50-500
Zinc 5/5 101 225J 28-510

Volatile Orfanlca0 (ug/kg)!
Acetone 3/5 28 180B
2-Butanone 1/5 NR 82

Senl-Volatllo Organleg0 (Ug/kg);
Phenol 2/5 NA 70J
Dl-n-butyl Phthalate 1/5 NR 210J
Butylbenzyl Phthalate 2/5 230 640J
Bis(2-ethylhexyl)
Phthalate 5/5 310 2,400

Dlbenzofuran 4/5 190 270J
Dl-n-octyi Phthalate 1/5 NR 630J
N-nitroaodlphinylamine 2/5 160 270J
Pentachlorophtnol 1/5 NR 540

Carcinogenic PAHse (ug/kg);
Benzo(a)anthracene 5/5 820 4,000
Chrysene 5/5 1,100 5,400
Indeno(l,2,3-cd)pyrene 5/5 560 2,400
Dlbenzo(a,h)anthracene 5/5 280 770J
Total Carcinogenic PAHs 5,560 12,100
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TABLE 6-7 (Continued)

CONCENTRATIONS OF CHEMICALS OF POTENTIAL CONCERN IN-CREEK
AND DRAINACEWAY SEDIMENTS AT THE AMBLER SITE

Chemical

Saml-Volatile Organic*.
Nonearetnogenles PAHs
Naphthalene
2-Methylnaphthalene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo(g,h,i)Perylene
Total Noncarcinogenic

Frequency

, (Cont.)c •
(ug/kg):

2/5
1/5
4/5
4/5
5/5
5/5
5/5
5/5
5/5

PAHs

Geonetrlc
Mean

147
NR
269
327

3,100
870

5,600
3,700
750

15,500

Maximum Background0

200J
74J
420J
660J

8,300
3,700
11,000
7,900
2,000
32,000

Pastteld«a/PCBac (ug/kg):
4, 4' -DDE
4,4'-DDD
4, 4' -DOT
Aroclor 1254

5/5
5/5
5/5
1/5

160
160
160
NR

160J
160J
160J
250J

o-

••• - Not relevant for asbestos or organic chemicals,
NR • Not relevant. Only one sampla contained detectable concentrations,
B - Analyte was found in blank as well as sample,

•Shacklette and Boemgnen (1984), Pennsylvania background concentrations in
the area of Ambler.

bChrysotlle asbestos; amosite and crocodillte not detected at <5%, Sediment
asbestos saaples; SD-LG-013, SD-DR-003, SD-DR-004, SD-DR-006, SD-ST-001,

SD-ST-002, SD-ST-005, SD-ST-007, SD-ST-013
cSaaples: SD-003-03, SD-004-04 (dupl, of 004-05), SD-004-05, SD-005-06,

SD-006-07, SD-007-08
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'I ' Creek Itself, Calcium, copper, and magnesium were detected in all five
sediment sanples with maximum concentrations exceeding background, Cyanide
was not detected in the sedlnent samples. 2-Butanone was the only VOC
detected In this group of sanples; it was detected Infrequently and is not
known to be associated with past dlspoaal practices and thus it Is not
considered further. Semi-volatile chemicals detected once or twice in the
seven sediment sanples were phenol, dl-n-butyl phthalate, butylbenzyl
phthalate, dl-n-octyl phthalate, N-nltroao-dlphenylanlne, and
.pentachlorophenol. Bls(2-ethylhexyl)phthalate, 4,4'-DDT, 4,4'-DDD, 4,4'-DDE,
four carcinogenic PAHs and five noncarcinogenic PAHs were detected in all
sediment sanples, and dlbenzofuran and two noncarcinogenic PAHs were detected
in four of five sanples, The semi-volatiles other than PAHs are not known to

j be associated with past disposal practices and most were detected near to or
below their CRQLs; thus the non-PAH seml-volatiles are not considered further.
The pesticides were also detected at their detection limit and are not known

' to be associated with past disposal practices; thus they are not considered
further, Aroclor 1254 was detected at an estimated value in the sanple

Sr/ furthest downstream of the site but not in any sediment sanples closer to the
site, This suggests that the Isolated downstream presence of Aroclor 1254 is
not site-related and thus this chemical will not be considered further for
this environmental medium. Among the nine noncarcinogenic PAHs detected In
creek and drainageway sediment sanples, the highest concentrations for two
(acenaphthene and fluorene) were detected in the upstream s.'.-aple (SD-006-07),
The highest concentrations for the other noncarcinogenic PAHs were detected in
the seep behind the Locust Street pile (SD-007-08) and In the drainage ditch
to Wissahickon Creek (SD-003-03), These results indicate both potential off-
site sources of PAHs aa well as on-site sources,

' 6.2.4 AIR

I Three types of air sanpling were conducted for the Ambler RI, environmental
sampling to document on-site conditions before, during, and after Intrusive
field activities, source/receptor sampling to determine off-site inpscts of

| potential on-tlte sources of asbestos, and personnel sampling as required by
OSHA during soil boring and test pit activities, The source/receptor samplingr
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would, in general, provide information nost relevant for a risk assessment (*
because it could potentially Identify site-specific impacts on ambient air
concentrations of asbestos, Three rounds of source/receptor sampling were
conducted, Nineteen on- and off-site locations were sampled for asbestos on
January 9 and April 21, 1987. Fifteen on- and off-site locations were sanpled
on August 21, 1987, A detailed evaluation of the airborne asbestos results
for these three sampling phases was provided In Section 5 of the RI report,
Based on this evaluation and the discussion presented in the exposure
assessment (Section 6,4) concerning potential exposures, the airborne asbestos
samples are considered useful only for qualitative analysis and are therefore
not summarized further In this section of the endangerment assessment,

6.2.5 CHEMICALS SELECTED FOR EVALUATION

Table 6-8 lists the remaining potential chemicals of concern for the Ambler
site by environmental media. These chemicals have been selected for
evaluation in this endangerment assessment. In the following secelon, Hazard
Identification, the availability of quantitative toxicity criteria for use in ()
risk assessment will be reviewed for these chemicals, For those chemicals
which have such criteria, discussions oC their human health effects will be
provided,

6.3 HAZARD IDENTIFICATION

In this lection of the Ambler Endangerment Assessment, the potential human
health effects of the chemicals selected for evaluation will be reviewed, and
the available toxicity criteria that can be used In a quantitative risk
assessment will be presented, The section begins with a general discussion of
how chemtcalfl are classified for purposes of a risk assessment,

6.3,1 CLASSIFICATION OF HUMAN HEALTH EFFECTS

For hazard Identification purposes In a risk assessment, indivldusl chemicals
are separated Into two categories of toxicity depending on whether they
exhibit noncarcinogenic or carcinogenic effects, .•-,
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For chemicals that exhibit carcinogenic effects, nost authorities recognize /"N
r ̂that one or more molecular eventi can evoke changes in a single cell or a

small number of cells that can lead to tumor formation, This Is the non-
threshold theory of carcinoi'enesis which purports that any level of exposure
to a carcinogen can result in some finite possibility of generating the
disease, The hypothesis that no threshold exists for carcinogens is not yet
proven; however, regulatory agencies generally assume the no-threshold
hypothesis for carcinogens unless sufficient data on the chemical's mechanism
of action are available.

For chemicals that exhibit noncarcinogenic (systemic) effects, it is generally
believed that organisms have repair and detoxification capabilities that must
be exceeded by some minimum critical concentration (threahold) before the
toxic effect of a chemical Is manifested. For example, a certain number of
molecules of the chemical or its toxic metabolite(s) nust reach and interact
with a cell or group of cells before-the effect on an organ is observed. This
threshold view holds that a range of exposures from just above zero to some
finite value can be tolerated by the organism without an appreciable risk of /"••
adverse effects,

USEPA's Carcinogen Assessment Group (CAG) has developed cancer potency factors '
for estimating the upper bound excess lifetime cancer risks associated with
various levels of lifetime exposure to potential human carcinogens, Upper
bound la a term USEPA uses to Indicate 'that risks estimated using these cancer
potency factors, which are very conservative, are unlikely to be '
underestimated but nay very well be overestimated, The cancer potency factor
is usually expressed In units of mg chemical per kg body weight per day or
(mg/kg/day)"l, In practice, cancer potency factors are derived from the
results of human epldemlological studies or chronic animal bloassays', Dose-
response data derived from human epldemlological studies are fitted to dose-
tlne*response curves on an individual basis. The data from animal studies are
fitted to the linearized nultistaga model and a dose-response curve is
obtained. The slope of the dose-response curve is subjected to various
adjustments and an Interspecles scaling factor Is applied to derive the cancer
potency factor for humans likely to be exposed at lower doses than the . Q
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jiv animals, These models provide rough, but plausible, estimate] of the upper
' I-•' limits on lifetime risk, By using very conservative assumptions In deriving

these cancer potency factors, the actual risk is unlikely to be higher than
, the estimated risk but could be considerably lower.

In addition, there are varying degrees of confidence in the weight of evidence
for carcinogenicity of a given chemical. USEPA (1986a) has proposed a system
for characterizing the overall weight of evidence for a chemical's
carcinogenicity based on the availability of aninal, human, and other
supportive data. The welght-of-evidence classification Is an attempt to
determine the likelihood that an agent is a human carcinogen and thus affects
the estimation of potential health risks, Three major steps are followed in
characterizing the overall weight of evidence of carcinogenicity: (1) the
quality of the evidence fron human studies and (2) the quality of evidence
from aninal studies which are combined Into a characterization of the overall

, weight of evidence of human carcinogenicity, and then (3) other supportive
Information which Is assessed to determine whether the overall weight of

_ evidence should be modified, USEPA's classification of the overall weight of
'•—•' evidence has five categories;

Croup A--Hunan Carcinogen

This category Indicates that there Is sufficient evidence fron
epldemlological studies to support a causal assoclacl , between an agent
and cancer.

Group B*-Probable Hunan Carcinogen

This category generally indicates that there Is at least limited evidence
from epldemlological studies of carcinogenicity to humans (Group Bl) or
that, in the absence of adequate data on humans, there Is sufficient
evidence of carcinogenicity in animals (Group B2),

Croup C--Possible Human Carcinogen

This category Indicates that there is limited evidence of carcinogenicity
in animals In the absence of data on humans,

Group D--NOC Classified

This category Indicates that the evidence of carcinogenicity in animals
in Inadequate,
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Broun E--Ho Evidence of Carelnoeenlcltv to Humans

'This category Indicates that there is no evidence for carcinogenicity In
at least two adequate animal tests in different species or in both
epldemlological and aninal studies,

Health criteria for chemicals exhibiting noncarcinogenic effects are generally
developed using USEPA reference doses (RfDs) developed by the RfD Work Group,
or RfDs obtained from USEFA Health Effects Assessments (HEAs), Drinking Water
Health Advisories (HAs), or Drinking Water Maximum Contaminant Level Goals
(MCLGs), In general, the RfD Is an estimate (with uncertainty spanning
perhaps an order of magnitude or greater) of a dally exposure to the human
population (Including sensitive subpopulatlons) that is likely to be without
an appreciable risk of adverse effects. The RfD is expressed in units of
mg/kg/day.

6.3,2 RANGE OF POTENTIAL HEALTH EFFECTS FOR SELECTED CHEMICALS OF CONCERN

A number of chemicals have been selected for detailed review in this
endangermtnt assessment, These chemicals Include aluminum, asbestos, barium,
calcium, copper, iron, lead, nagnesium, manganese, nickel, noncarcinogenic and
carcinogenic polycyclic aromatic hydrocarbons (PAHs), silver, and zinc. The
available health criteria for the selected chemicals (RfDs and cancer potency
factors) are presented in Table 6-9, Health criteria appropriate for use in a
quantitative risk assessment have not been developed for some of the selected
chemicals, and therefore, they are not listed in Table 6*9, Among this group
of chemicals, calclua, iron, magnesium, and potassium are not especially toxic
following oral exposure and are essential human nutrients and thus will not be
discussed further In this risk sssessnent. In addition, aluminum will not be
discussed further In this risk assessment. Aluminum has low acute toxicity
following oral exposure, but Inhalation exposure to aluminum compounds has
been associated with pulmonary flbrosis In animals (NAS 1982a), There are,
however, inadequate dose*response data from which to estimate an acceptable
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dally Intake level for ionic aluminum in drinking water (USEFA 1985b), A j\
discussion of the potential health effects associated with exposure to these
chemicals Is presented below.

6,3,2,1 Aabestos

Asbestos is a generic term referring to a family of naturally occurring
silicates having a fibrous crystalline structure, There are six fibrous
silicates defined as asbestos types: chrysolite, actlnolure, cunnlngtonlte*
grunerlte or anosite, anr.hophyllite, crocldolite, and trenolite. In humans,
the primary routes of exposure to asbestos fibers are inhalation and direct
Ingestion or indirect ingestion following inhalation.

Deposition and absorption of asbestos fibers can be influenced by fiber
characteristics such as fiber length, fiber diameter, aspect ratio (ration of
length to diameter), fiber number, stability of fibers in the body, surface
chemistry of the fiber, Interactions between fiber and all surfaces, fiber
translocaclon and migration, overall fiber dose, and fiber type (Schneldernan (J
et al. 1981). Specific data relating individual asbestos type and physical
characteristics of the fiber with biological activity via ingestion are I
lacking. Following inhalation, there is evidence that the most biologically
active fibers are those with a length of greater than 5 microns and an aspect .
ratio of greater than 3 (Schneiderman et al. 19B1; OSHA 1986). It has been
suggested that these long, thin fibers cannot be completely engulfed by
macrophages and removed from the lung (Schneiderman et al. 1981),

The primary noncarcinogenic health effect of asbestos Is asbestosls, a chronic
lung disease aeuoclated with functional disabilities and early mortality;
however, development of asbestos is associated only with high-level
occupational exposure (USEPA 1986b). For low-level environmental exposure,
cancer is considered a more appropriate endpolnt for criteria development than
aabestosls, The carcinogenicity of asbestos following Ingestion has not been
conclusively demonstrated by direct studies. In an NTP (1984) bloassay in
male rats, a significant increase in benign epithelial neoplasms In the large
intestine was interpreted as United evidence that orally ingested chrysolite , ' ,
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fp\ fibers may be carcinogenic (USEPA 19B5c), Available data from occupational
studies also suggest a link between inhalation and subsequent ingestion of
asbestos and gastrointestinal cancer (USEFA 1986b). Inhalation exposure in

I humans and experimental animals can result in both lung cancer and
•' mesothelioma (USEPA 1986b).

| USEPA (1985c) developed an oral unit risk factor of 1.4xlO"13 (fiber/liter)'1
based on the NTP (1984) bioassay in which benign neoplasns were observed in

j nale rats exposed to asbestos (>10 microns In length) in drinking water; this
cancer potency factor waa sued by USEPA as the basis for the drinking water

. maximum contaminant level goal, There are a number of uncertainties
associated with this approach including the absence of adequate dose-response
data fron human populations exposed via ingeation, the Induction of benign
tumors only, and that the criterion is limited to fibers greater than 10
microns in length. No oral cancer potency factor has been derived for any
environmental medium other than drinking water in which asbestos concentration
may be reported as fiber mass per unit volume (ug/mg) rather than fibers per

-«-x unit volume. The health effect of asbestos are further detailed in the
toxicity profile in Appendix A.

'I 6,3.2.2 Barium

In experimental animals, barium absorption varies with the species of aninal,
the conpound tested, the age of the aninal, and the dietary composition (USEPA
1987a), Soluble barium compounds are absorbed and small amounts are retained
in the body, Insoluble barium conpounds are absorbed only minimally (Coyer
1986). Barium was found to distribute widely in the mouse but was principally
found In the bone (Dencker et al, 1976). In humans, barium is primarily
excreted via the feces (Tipton et al, 1966),

Adverse effects in hunans following oral exposure to soluble barium compounds
Include gastroenteritis, nuscular paralysis, hypertension, ventricular
fibrillation, and central nervous system damage (USEPA 1984a), Experimental
animals chronically exposed to barium In drinking water developed Increased
blood pressure (USEPA 1984a), Inhalation of barium aulfate or barium

0
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carbonice in occupatlonally exposed workers has been associated with barltosls
and pneumoconioals (USEPA 1984a), Inhalation of barium carbonate dust by (*"})
experimental animals has been associated with reduced sperm count, Increased
fetal nortalicy, and atresia of the ovarian follicles (USEPA 1984a),

USEPA (1987b) derived an oral reference dose (RfD) of 5x10'2 mg/kg/day for
barium based on a subchronlc to chronic drinking water study in rats in which
no statistically significant Increase In blood pressure was observed at 0,51
mg/kg/day (Perry et al. 1983).

6.3.2.3 Copper

Copper Is an essential elenent of human nutrition, A dally copper Intake of 2
mg is considered to be adequate for health and normal copper metabolism. |
Copper can be absorbed following dermal, oral, or Inhalation exposure, The •
netal is controlled by a honeoscaclc mechanism and therefore does not tend to ,
bloaccunulate, Elimination of copper occurs primarily through fecal excretion i
(USEFA 198Sd).

Toxic effects resulting fron acute over-exposure to copper In laboratory
animal* and humans include gastrointestinsl disturbances, hemolytic anemia,
renal damage, liver damage, and glucose-6-phosphate dehydrogenase Inhibition,
limited data are available on the chronic toxicity of coppp;-; however, chronic
over-exposure nay cause anemia, Efficient honeostatlc mechanism generally
protect oammals from the adverse effects of dietary copper excess, Orally
administered copper compounds were not found Co increase tumor incidence in
several studies, although administration by subcutaneous injection has been
reported to induce tumor formation (USEFA 198Sd),

.0
USEPA derived a risk reference dose of 3.7x10 mg/kg/day based on the
observation that copper exposure at high levels nay cause gastrointestinal
disturbances and other acute toxic effects at oral doses greater than 5.3 mg
(USEPA 1984b),
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6.3,2,-t iaad

Absorption of lead from the gastrointestinal tract is estimated at 10-15%,
For adult humans, the deposition rate of particulate airborne lead is 30-SOi, .
and essentially all of the lead deposited is absorbed. Lead is stored In the
body in bone, kidney, and liver (USEPA 1984c), The najor adverse effects In
humans caused by lead include alterations in the hemacopoietlc and nervous
systems, The toxic effects are generally related to the concentration of this
metal in blood, Blood concentration levels of over 80 ug/dl in children and
over 100 ug/dl in sensitive adults can cause severe, Irreversible brain
damage, encephalopathy, and possible death. Lower blood concentrations of
lead (30-40 ug/dl) has been associated in humans with altered nerve
conduction, altered testicular function, renal dysfunction, and anemia. Lead
exposure also has been associated in humans with spontaneous abortions,
premature delivery, and early nembrane rupture in humans; however, reliable
exposure estinates are lacking in these cases. Decreased fertility, fetotoxic
effects and skeletal malformations have been observed in experimental animals

O exposed to lead (USEPA 1984c),

Oral ingestion of certain lead salts (lead acetate, lead phosphate, lead
subacetate) has been associated with Increased renal tumors, but no
quantitative estimate of cancer potency has been developed for these
naterials, Doses that Induced kidney tumors were high and were beyond the
lethal dose in humans, USEPA (1985b) noted that the available data provide an
insufficient basis on which to regulate lead acetate, phosphate and subacetate
as human carcinogens, An oral RfD of 6x10'* mg/kg/day has been estimated for
lead based on the proposed MCLG of 20 ug/liter (USEPA 1985b),

6,3,2.5 Manganese

Manganese is absorbed at low levels following oral or inhalation exposure
(USEPA 1984d,e), Gastrointestinal absorption is controlled by homeostatic
nechanlsms and influenced by many factors including age, dose and availability
In the diet, and interactions with other metals or other dietary constituents,
It does not tend to bioaccunulate in body tissues, Elimination is primarily
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through fecal excretion (USEPA 1984d) , Chronic oral and Inhalation exposure
of humans to manganese has been associated with a condition known as f | i
nanganism, a progressive neurological disease characterized by speech
disturbances, tremors, and difficulties in walking. Altered hematologlc
parameters (hemoglobin concentrations, arythrocyte counts) have also been
observed In persons exposed chronically. Manganese has not been reported to
be teratogenlc; however, this metal has been reported to cause depressed
reproductive performance and reduced fertility in humans and experimental
animals. There is no evidence that manganese is carcinogenic.

USEPA (1984d) has developed a RfD of 2,2xlO-1 rag/kg/day for oral exposure to
nanganese based on drinking water studies In rats in which no adverse effects
were observed in rats exposed to 22 mg/kg/day nanganese (Leung et al, 1981,
Lal et al, 1982).

6.3,2.6 Nickel |

Nickel compounds can be absorbed following inhalation, ingestion, or dermal
exposure, The amount absorbed depends on the dose administered and the (_/
chemical and physical form or the particular nickel compound (USEFA 1986c),
Gastrointestinal absorption also depends on the composition of the total diet;
in general, very little of the nickel ingested in food is absorbed, Absorbed
nickel is carried by the flood and tissue distribution depends, In pare, on |
the route of exposure and the dose level (USEPA 1986c), Rats exposed to
nickel had elevated concentration in the kidney, liver, heart and testes,
while calves had incresssd levels In the pancreas, testes and bone (USEFA
1987c) , Excretion of unabsorbad nickel is predominantly through the faces and
absorbed nickel is eliminated primarily through the urine (USEPA 1986c) .
Adverse effects associated with acute exposure in animals have included
depressed weight gain, altered heaatologlcal parameters, and Increased Iron
deposition in blood, heart, liver, and testis (USEPA 1987c), Chronic or
subchronic exposure of experimental animals to nickel has been associated with
reduced weight gain, degenerative lesions of the male reproductive tract,
asthma, nasal septal perforacions , rhinitis, sinusitis, hyperglycenla,
decreased prolactln levels, decreased iodine uptake, and vasoconstrlction of
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the coronary vessels, Dermal exposure of humans to nickel produces allergic
contact dermatitis (USEPA 1986c), Teratogenlc and fetotoxlc effects have been
observed in the offspring of exposed animals (USEPA 1986c), Certain nickel
compounds are genotoxlc in bacterial and mammalian assay systens (USEPA
1986c).

USEPA (1987b) derived an oral reference dose (RfD) for nickel of 2x10"2
mgAg/day based on a 2-year feeding study in rats in which animals exposed to
5 mg/kg/day did not exhibit decreased body and organ weights (Ambrose et al,
1976),

6,3.2,7 Polvcvellc Aromatic Hydrocarbons

Performing risk assessments for polycyclic aromatic hydrocarbons (PAHs) is
more complex than for most other chemicals because PAHs occur In the
environment as complex mixtures of many components with widely varying
noncarcinogenic and carcinogenic potencies, Only a few components of these
mixtures have been characterized adequately, and only limited information is
available on the relative potencies of different compounds. In addition, the
toxicity of PAH mixtures has not been adequately characterized. The approach
adopted by USEPA (1984f) aa the basis of risk assessment Is to divide the PAHs •
Into two subclasses, carcinogenic PAHs and noncarcinogenic PAHs depending on
whether they primarily exhibit carcinogenic or noncarcinogenic effects, It
should be noted that many of the noncarcinogenic FAHs have been shown to have
some, although weak, carcinogenic activity or to act as promoters or
carcinogens,

PAHs are readily absorbed following ingestion, Inhalation, and dermal exposure
and are distributed among several tissues, Once in the body, carcinogenic
PAHs, such as benzo(a)pyrene [B(a)P] can be converted to metabolites that can
interact with cellular DNA (ATSDR 1987a-e), PAHs are primarily excreted
through the fec'es (ATSDR 1987a-e),

A number of the PAHs have been shown to be potent carcinogens, producing
tumors both at the site of application and systemically, in several different
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animal species, when administered by any number of routes, Some of the ><-v
noncarcinogenic PAHs have been shown to cause systemic toxicity, but these '
effects are generally seen only at rather high doses (Santodonato et al,
1981). Oral administration of naphthalene to rabbits and rats la associated
with cataract formation (USEPA 1984g),

The USEPA approach for carcinogenic PAHs is to apply a carcinogenic potency
factor calculated fron assays on B(a)P, The approach relies on the
assumptions that (1) the toxic effects of all nenbers of the class of
carcinogenic PAHs are qualitatively and quantitatively similar to those of
B(a)F and (2) that the toxic effects of different compounds of the mixtures
are additive, With regard to the first assumption B(a)F Is one of the most
potent carcinogens in the group of carcinogenic PAHs; based on limited
experimental evidence, the other carcinogenic PAHs detected at the Ambler alte
are probably not as potent carcinogens as B(a)P (see toxicity profile for PAHs
In Appendix A). Risks would probably be overestimated from applying the
potency factor for B(a)F to summed concentrations of these compounds.
Assumption 2 is nore aubstantlally supported by the limited results of studies /-^
In which B(a)P was coadmlnlstered In combination wlch other carcinogenic PAHs. ^
Therefore, the final estimates of exposure and risk from csrcinogenlc PAHs are
likely to be near to or higher than (perhaps much higher then) the upper end !
of the range of actual exposure and risks. B(a)F Is classified by USEFA
(1984f) in Croup B2--Probable Hunan Carcinogen based on sufficient evidence of '
carcinogenicity from animal studies and Inadequate evidence fro* human
studies. USEFA (1984f) calculated a value of 11.5 (ng/kg/day)'1 as the cancer
pocency factor (upper bound on lifetime risk) for oral exposure to the
carcinogenic PAHs [specifically B(a)P) based on a study by Neal and Rlgdon
(1967) in which oral administration of B(a)P led to forescomach tumors In
alee. However, this cancer potency factor has been suspended by USEFA pending
further evaluation and recalculation,

Of the noncarcinogenic PAHs, naphthalene has undergone the nost extensive
toxicity assessnent, USEFA's Environmental Criteria and Assessment Office has
developed and RfD for chronic oral exposure to naphthalene of 0.41 ng/kg/day
based on che developnent of ocular lesions in rats (Schnal 1955, as cltsd in

O
6-36

AR300527

''§i.t P~»*"-B***-»™» in thit frame it not at teadable ot leolble OA *»v»
label, At 4.t due to tubttandand colon ot condition o'{ the otlglmJl page"."



o

USEPA 1986d) and occupational data on coke oven workers. For the purposes of
this risk assessment, risks posed by exposures to noncarcinogenic PAHs will be
evaluated based on the toxicity of naphthalene,

6.3.1,8 Silver

Silver in various forms is absorbed to a limited extent following oral and
inhalation exposures. It has been reported to a limited extent following oral
and inhalation exposures, It has been reported that about 181 of a single
oral dose of 4 mg silver was absorbed by a human patient with argyria (silver
poisoning) (East et al. 1980), The relative amount of silver distributed to
various tissues are influenced by the route of exposure, A larger fraction of
silver Is distributed to the liver following oral administration than
following exposure via other routes, However, once silver reaches the
circulatory system, it is distributed to the liver, muscle, bone, spleen,
skin, and lungs, irrespective of the route of exposure (USEPA 1985e), Silver
is excreted from the liver into the gastrointestinal trace in the bile, and

' fecal excretions Is the primary elimination pathway (USEPA 1985e),

Despite the extensive therapeutic sue of silver in the past, no evidence of
cancer in humans has been reported, In animals, tunors have been induced by
stiver buc only at the site of injection or implantation (Schmahl and
Steinhoff 1960).

The acute toxic effects in humans following oral exposure to silver Include
corrosive damage to the GI tract leading to shock, convulsions, and death.
Following chronic exposures, the primary effect of silver in humans is
argyria, a permanent bluish-metallic discoloration of the skin and mucous
membrane (Gaul and Staud 1935, Blumberg and Carey 1934, and East et al. 1980).
The lowest total doses of silver found to produce argyria were in patients
intravenously administered silver of between 0,9 and 1,5 g, Silver also
accumulates In the blood vessels and connective tissue (USEPA 1985e),

An oral reference dose (RfD) of 3x10 was derived by USEPA (1987b) based on
case reports for argyria which used total therapeutic doses of 1,0 g (i.v.),

O
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6,4 g (oral), and 7,2 g (oral, respectively (Gaul and Staud 1935; Blunbarg and f
Carey 1934; and East et al, 1980),

6,3.1.9 Zinc

Chronic oral exposure of humans to zinc may cause anemia and altered
hematologlcal parameters, Reduced body weights have been observed in studies
in which rats were administered zinc in the diet. There is no evidence that
zinc la teratogenlc or carcinogenic (USEFA 1984h) , Chronic and subchronlc
Inhalation exposure of humans to zinc has been associated with
gastrointestinal disturbances , dermatitis, and metal fume fever, a condition
characterized by fever, chills, coughing, dyspnea, and muscle pain (USEPA
1984h) .

USEPA (1984h) has derived an RfD of 2, 1x10" 1 mg/kg/day for oral exposures to
zinc based on the occurrence of anemia and reduced blood copper in sone
patients receiving therapeutic doses of approximately 150 ng/day zinc for
extended periods of tine, /O

O

6.4 EXPOSURE ASSESSMENT

In this section the pathways through which individuals may be exposed to
chemicals at and from the Ambler site are reviewed and those pathways nost
likely to be of concern to human health are identified for further analysis,
This identification process focuses the assessment on the nost important
exposure pathways and Is justified by experience, which shows that in most
circumstances exposure via a few exposure pathways to a few chemicals
dominates estimates of potential risks,

An exposure pathway is composed of the following four elements (USEFA 1986s):
(1) • source and nechanlsn of chemical release to the environment;

(2) an environmental transport medium (e.g., air) for the released
chemical, and/or a mechanism of transfer of the chemical fro* one
medium to another (e.g., deposition of particles onto soil);

O
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f I J (3) a point of potential contact of humans or biota with the contaminated
medium (the exposure point); and

(4) an exposure route (e.g., inhalation) at the exposure point.

All four elements must be present for a pathway to be considered conplete,
A goal of the exposure assessment Is to Identify complete or potentially

' complete pathways and, where possible, quantify exposures through those
pathways nost likely to be of concern to human health,

In the EA, exposure pathways are Identified for the no-action alternative,
that is, assuming no site remediation occurs, This means that no additional

1 limits on site access or use, such as fences and a security system, would be
instituted. Under these conditions, it Is possible that Individuals could

i repeatedly enter the site area and engage In activities resulting in exposures
to site-related chenicals,

i
In Section 4,2,1, potential sources of asbestos releases, the primary chemical

_. of concern at the Ambler site, were identified and the transport media through
"** which asbestos could migrate were reviewed, In thia section of the EA, the

lasc two elements of an exposure pathway are addressed,

There are three general routes through which Individuals may be exposed to
chemicals at Ambler: Inhalation, Ingestion, and dermal absorption, Asbestos
is the only chenlcal of concern that was sanpled for in ambient air and it is
also likely to be the chemical of nost concern for the inhalation route of
exposure because of its proven ability to cause cancer in humans,
Experimental and epldemlological studies indicate that Inhalation exposures to
asbestos, relative to oral and dermal, are of greatest potential concern to
human health (see attached asbestos toxicity profile),

For the inhalation pathway, individuals may breathe asbestos fibers which are
present in ambient air and asbestos fibers present due to specific sctivitles
which stir up fibers. Both ambient and activity-related asbestos exposures
nay be of concern to human health. Activity-related exposures could occur,

1 for example, if children were to play on the Locust.Street or Plant Piles and
v ) stir up asbestos from the surface while playing,
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Ingestion exposures to asbestos nay also be associated with an Increased risk i'
of cancer although the evidence in nuch leaa conclusive. Ingestion exposures
to the other chemicals of concern nay be associated with human health effects
as summarized In Section 6.3 (Hazard Identification), These Ingestion
exposures may occur as a result of Ingeation of soil, aurface water, or
sedlnents containing the potential chemicals of concern and, in the case of
asbestos, also as a result of indirect Ingestion of aabestoa which has been
Inhaled. Among children, expoaurea could occur as a result of (1) incidental
Ingestion of surface water from Hissahickon Creek, dralnagewaya fron the site,
or the on-slte lagoons; (2) incidental ingestion of soil while playing on the
piles or; (3) incidental Ingestion of aedlnent while playing In the Creek area i
or in the lagoons, Adults are less likely than children to engage in
activities which would result in incidental Ingestion of the chemicals of j
concern and thus Ingestion exposures to children will form the basis of this

|

As discussed in Section 2,4,4. (Hydrology), shallow groundwater below the .̂;
Ambler site is expected to flow towards Wissahickon Creek. The deeper ^
Stockton formation serves private and public water users in the Ambler Borough
with the nearest municipal well approximately 0,4 miles east of the Pipe Plant |
Dump. This well Is 500 feet deep and is considered unlikely to be affected by
migration of chemicals from the Ambler site, Chenlcals which nay migrate !
downward through the alte piles are likely to be transported via shallow
groundwater flow to Wissahickon Creek. The nearest public water Intake from
surface water Is located approximately 12 miles downstream of the aite on the
Schuylkill River, Chemicals released into Wissahickon Creek from the site can
ba expected to be significantly diluted with distance fron the site and
especially by the Schuylkill River, The combination of this dilution and the
water treatment proceases conducted for this water supply (see Section 2.6)
indicate Chat this pathway of exposure is not likely to be of concern to human
health. As described in Section 2.6, the nearest private well to the site is
located 0.1 mile west and upgradient (topographically) of the Locust Street
pile, Asbestos concentrations measured in this well were 7,4 million fibers
per liter (MF/llter) , higher than the USEPA Maximum Contaminant Level Goal '

U
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(MCLG) for asbestos in drinking water, 7.1 MF/liter, Thia MCLG corresponds to
an excess lifetime cancer risk of 10'6 assuming two liters of water are
Ingested every day over an individual's 70-year lifetime, The potential
sources of asbestos in this wall have not been identified, Because
insufficient data are currently available to estimate site-specific impacts on
drinking water and because the primary route of exposure of concern for
asbestos Is Inhalation, this pathway will not be considered further,

Dermal contact and subsequent absorption of asbestos la not an exposure route
of concern at Ambler since asbestos Is not likely to be absorbed through the
skin, For the other potential chenicals of concern, absorption from contacted
surface water, soil, or sediments nay occur, Dermal exposures fron contacted
surface water, soil, or sediments, and their associated risks are considered
likely to be significantly lower than exposures and risks associated with the
oral route of exposure, all of the latter of which will be considered in this
EA, This is partly due to the short exposure durations (e.g., minutes to a
few hours at most) relative to the amount of time it typically takes chemicals
to reach steady-state absorption (Scheuplein and Blank 1971), the affinity of
the chenicals likely to be of most potential concern to human health (PAHs)
for the soil matrix, and the protective nature of the outermost skin barrier,
the stratum corneum (Scheuplein and Blank 1971, Schaefer et al, 1983).

In summary, the most Important potential human pathways of exposure for the
Ambler site that will be evaluated In detail in this EA are:

0 Inhalation of asbestos in ambient air;
0 Inhalation of asbestos during certain activities which stir up

asbestos;
0 Incidental Ingestion of chenicals In surface water;
0 Incidental ingestion of chemicals In soil; and
0 Incidental ingestion of chemicals In sediment,

Under present site and land use conditions, the potential receptors of concern
Include residents living In the Ambler site area, individuals who work in the
site area, and Individuals who regularly visit the area (such as those using
the Wissahickon Watershed Association facility), Aa mentioned In Section
2.2,2 (Potential Receptors), the nearest residence is within 200 feet
northeast of the Locust Street pile and approximately 6,000 persons live
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within one-half mile of the site. Assuming that 251 of this population is 17
years of age or younger (based on 1980 population data from Norrlstown, U.S, ' P
Bureau of Census 1983), It Is possible that aa nany as 1,500 young adults and
children less than 17 years of age live near the site and sone of these may
engage In activities resulting In exposure,

In the future, assuming no further remediation actions are taken at the site, '
additional residences or ce-rcerclal faclltlea could be built adjacent to the
site. The site Itself Is zoned for industrial use and it could continue to be
used for a variety of industrial facilities. Given the inherent Instability
of the Locust Street and Plant Piles It is would be infeaslble to build
structures on then, However, other on-site industrial construction or
activities could potentially affect the piles and Increase exposed areas of
asbestos and migration of asbestos from the site, With time and In the
absence of any remediation, the piles are likely to become increasingly
unstsble and eroded, resulting In increased migration of asbestos and possibly
other chemicals via both air and surface watar and potentially higher exposure
levels to nearby receptors. Because the area around the site is relatively
well developed already, a large Increase in the size of the population and \̂ J
thus the number of potential receptors surrounding the site is noc expected In
the future,

6.5 RISK CHARACTERIZATION . I

In this section, concentrations of the selected chemicals in environmental
media will be compared with Applicable and Relevant and Approprlace
Requirements (ARARs) . In addition, because ARARs are not available for all of
the selected chemicals in all of the sampled environmental nedla, a
quantitative risk characterization will be conducted, In this quantitative
evaluation, estimates of potential chemical intakes through each pathway
identified for evaluation will be combined with the toxicity criteria
presented In the Hazard Identification section to predict potential risks
associated with the Ambler site. For each pathway, an exposure scenario will
be developed based on assumptions about the environmental behavior and
transport of the potential chemicals of concern, and the extent, frequency,
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A and duration of exposures, These factors are used to predict potential
'I ' exposures to the set of selected chemicals for both an average and a maximum

plausible exposure case, In this endangerment assessment (EA), we follow a
general approach to estimating exposures which has been developed by
specialists in this field and has been codified In general terms by the U.S.
Environmental Protection Agency (USEPA 1986a,e,f,g),

6.5,1 COMPARISON TO APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

Section 5,1,2 summarizes the chemical-specific Applicable or Relevant and
Appropriate Requirements (ARARs) for the Ambler site, In this section, the
asbestos-specific ARARs will be evaluated relative to the Ambler site and
ARARs for the other selected chemicals will be compared to their measured
concentrations in the environment,

Federal regulatory action on asbestos hss taken on a variety of forms.
Regulations have been promulgated by numerous agencies including USEPA, the
Consumer Product Safety Commission (CPSC), Department of Transportation (DOT),

"•< Food and Drug Administration (FDA), Mine Safety and Health Administration
(MSHA), and the Occupational Safety and Health Administration (OSHA).
Although none of the promulgated regulations nay be applicable to the Ambler
site, they may be relevant and appropriate,

In 1980, the National Institute for Occupational Safety and Health (NIOSH)
recommended to OSHA a maximum level for asbestos in the workplace in addition
to several measures which would ace Co minimize exposure, Recently, OSHA
issued a rule Implementing many of these regulations and lowering the old
workplace standard of 2 f/cn3 to 0,2 f/cn3 of air as an eight-hour time
weighted average (51 FR 22612, 1986). The MSHA has prescribed exposure levels
for asbestos dust for workers in domestic mines of 2 f/cm3 (43 FR 54064,
1978).

The CPSC has banned some naterials fron household use on the basis of findings
Chat they contained resplrable asbestos (16 CFR Parts 1304 and 1305).
Additionally, CPSC Imposed labeling requirements on household products which
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contain asbestos and which are likely to release fibers under any reasonably ff\
forseeable conditions of handling (51 FR 33911, 1986), '

USEPA has undertaken regulatory action on asbestos under the Clean Air Act,
Clean Hater Act, Safe Drinking Water Act, and the Toxic Substances Control
Act, Asbestos was first designated as a hazardous air pollutant under the
Clean Air Act in 1971. Since its initial promulgation In 1973, the NESHAP for
asbestos has been revised several times, As they currently read, the
regulations basically call for no visible emissions from milling,
manufacturing, and asbestos waste disposal activities (43 FR 26372, 1977) and
require that asbestos-containing waste be kept thoroughly wet with watar
during handling, The standard of no visible emissions nay be relevant and
appropriate to the waste piles at Ambler,

Asbestos was first determined to be a hazardous water pollutant In 1973,
Effluent limitation guidelines for asbestos manufacturing have been
promulgated (40 FR 1874, 1975). Also under the Clean Water Act, USEPA
published an Ambient Water Quality Criteria document for asbestos (USEPA O
1980a), The document noted that the database was Inadequate to Issue criteria '
for the protecclon of aquatic life. For procecclon of human health, the
estimated levels of asbestos in water which would result In Incressed lifetime ;
cancer risks of 10'5, 10'6, and 10'7 are 300,000 fibers/liter, 30,000
fibers/liter, and 3,000 fibers/liter respectively. Estimates for risk '
associated with consumption of aquatic organisms only could not be made, EPA
has also proposed an MCLG for asbestos in drinking water under the Safe
Drinking Water Act which equated an excess cancer risk of 10*' to an asbestos
concentration of 7,1 x 106 fibers greater than 10 urn In length (USEFA 1985c),
The asbestos concentrations neasured in Wissahickon Creek, dralnageways, and
near the Maple Avenue piles exceed both the Ambient Water Quality Criterion
for protection of human health and the proposed MCLG, However, none of these
surface water bodies are currently or expected to be used as a drinking wster
source.

USEFA has promulgated several rules under the Toxic Substances Control Act to
regulate asbestos in the environment, The most significant of chese is the
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^p. Asbestos Hazard Emergency Response Act (AHERA) which enacted Title II of TCSA,
' Under this act, USEPA has published regulations related to Inspection and

management of friable asbestos in schools (52 FR 42826, 1987). The monitoring
I procedures spscifled in this regulation may be relevant to hazardous waste

sites, In the rule, local agencies must consider an area to contain asbestos
If asbestos fibers are found In any sanple at greater than one percent as
analyzed by PLM, Since one percent is generally accepted as the detection
Unit for asbestos in soil, It could be argued that this represents a standard
for non-detectable asbestos,

Of this group of rules, the NESHAPs "no visible emissions" criterion appears
to be the nost relevant to the Ambler Site, Since visible enlsslons have not
been observed under present conditions from the undisturbed waste piles at
Ambler, it may be concluded that the asbestos in the piles do not exceed this
potential ARAR. In the absence of site renediation, however, erosion and
weatherings of the piles could occur with time, incresslng the size and number
of exposed ssbeseos arsss and increasing the potential for visible emissions.

~>. Activities thac could occur on the site, such aa bicycling, could result in
^ visible emissions, Remedial activities resulting in alte disturbances, such

as removal options, are also likely co result In sone visible emissions.
Additionally, the asbescos concencraclons found in Wissahickon Creek water
exceed the ambient water quality criterion for human health.

As described in Section 5,1.2.1, ARARs for the remaining selected chemicals
consist of Maximum Contaminant Levels (MCLs) and Maximum Contaminant Level
Goals (MCLGs) under the Safe Drinking Water Act and Ambient Water Quality
Criteria (AWQC) for the protection of human health, Chemical concentrations
measured in surface water at and near the site can be compared to these ARARs
although none of the sanpled surface water bodies are being used or are
planned to be used as a drinking water source, Concentrations of the selected
chenicals in lagoon surface water did not exceed the available ARARs, Among
the chenicals detected in standing surface water and dralnageways (only
asbestos was sanpled for in Wissahickon Creek), the maximum concentrations of
lead, manganese, and nickel exceeded the proposed MCLG, the secondary MCL (not
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health-based) and the AWQC, respectively, The geometric mean concentration of p
manganese also exceeded the secondary MCL,

6,5,2 QUANTITATIVE RISK CHARACTERIZATION

To quantitatively assess risks to human health associated with the Ambler
site, chronic average dally Intakes (GDIs) are generally estimated for each
pathway, CDIs are expressed as the amount of a chemical an individual may be
exposed to per unit body weight per day, or mg/kg/day, For potential
carcinogens excess lifetime cancer risks are calculated by multiplying the
chronic dally Intake (GDI) by the upper bound cancer potency factor (for 2isVs
below 10*2). Excess lifetime cancer risks are generally expressed In
scientific notation and are probabilities, A risk of 1x10'6, for example, ,
represents the upper bound probability that an individual will develop cancer
as a result of exposure to a carcinogenic chemical over a 70-year lifetime
under specified exposure conditions, Pocentlal risks for noncnrclnogtns are |
presented as the ratio of the CDI to the reference dose (GDI;RfD), Ratios
chat are greater than one indicate the potential for adverse effects to occur, (_J
ratios less than one indicate that adverse effects are very unlikely to occur,
In accordance with USEPA's guidelines for evaluating the potential toxicicy of |
complex mixtures (USEFA 1986f), In the absence of specific information on the
toxicicy of the mixture being assessing or on similar mixtures, It will be
assumed that the effects of the chemicals of concern would be additive, Thus,
llfeclne excess cancer risks and the CDI:RfD ratios will be sunned across
chemicals to indicate the potential risks associated with exposure to mixtures
of potential carcinogens and noncarclnogens, respectively.

6*5,2,1 Exposures To AabasCoa In Anblenc Air

Inhalation exposures to chemicals present In ambient air can be quantified
using Cwo general approaches, The first approach uses the results of air
monitoring programs which occasionally provide adequate information on site-
specific contaminant concentrations In air. The second approach uses
emissions and air dispersion nodels to predict potential concentrations in air
specifically associated with the site, <•" .
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I For any Superfund alte there exist numerous uncertainties associated with
using each of these approaches in an EA, Uncertainties affecting monitoring
data often result fron the snail number of sampling locations and sampling
periods, the inability to identify and calculate concentrations associated
with the site alone, difficulties in estimating annual average concentrations
based on only a few data points, and the complex nature of meteorological
conditions affecting air concentrations, Uncertainties associated with the
use of models Include the availability of appropriate models for a particular
pollutant and site, and selection of values used for input parameters,

For a site predominantly contaminated with asbestos such as Ambler, chere are
added difficulties associated with both of these approaches, As emphasized by
Nicholson (1967), ambient air monitoring sanples only a specific point in
time, and generalizations concerning past, present, and future airborne
asbestos levels cannot be made without prohibitively extensive sampling.
Therefore, ambient air monitoring may not be the nost effective method for

,__ estimating long-term exposures to asbestos via inhalation. Another problem
•-~-/ associated with asbestos nonltoring is the inability to differentiate between

background ambient asbestos levels and site-related levels of asbestos (e.g.,
:. wind erosion from the piles), The concentrations used to estimate exposures

In an EA should in theory reflect site-specific conditions, but a wide variety
j of potential off-site sources of asbestos can yield background airborne

asbestos concentracions, Areas wlch heavy traffic nay have increased levels
of asbestos in ambient air due Co che wearing of asbestos present in vehicle
brake linings, As described In Section 4,2.2 (Potential Off-Site Sources),
several other asbestos sources exist within a nlle of the Ambler site, These
sources Include the Nicolet plant and the Maple Street piles, bcnh of which
nay confound ambient measurements of asbestos in the site area, In addition,
smaller secondary sources of asbestos nay have developed over tine throughout
the town of Ambler as a result of migration of asbestos via air or surface
water fron che sice and'other off-site sources, especially during years of
active asbestos disposal, The presence of these types of off-site sources of

, asbestos in the Ambler site area make It, very difficult to quantify levels of
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asbestos exposure associated solely with the Ambler site based on air /-*N
monitoring results.

Sanpling efforts conducted before the 1984 removal action indicated that
ambient asbestos levels in the sice area occasionally exceeded background
levels typical of an urban city. But the sampling results were unable to
detect differences between on-slte and off-site ambient asbeatoa
concentrations. Results of the 1973 EPA air sampling program at the site did
not indicate a noticeable difference between on-aite and upwind off-site
concentrations (see Section 3.4.2), The 1983 NUS FIT sanpling and analysis
progran (see Section 3.4,7) Included only three air sanpling locations and
fibers were not detected based on Phase Contrast Microscopy (PCM) analysis at
two of these locations. Asbestos fibers were not detected in any of the three
samples collected during the 1983 EPA/ERT/TAT air sanpling analysis (see
Section 3,4.8) but even these results were questionable due to the low volumes
of air sampled. Although asbestos fibers were detected in samples collected
by ERT during the 1984 renoval acclon (Secclon 3,4,9) above levels neasured in
urban areas (Chatfield 1983), concentraclons associated with the site rather f •-.
than Che site and background combined could not be estimated,

An extensive air monitoring progran was conducted In 1986 and 1987 for the
Ambler RI under various meteorological conditions to determine whether or not
the aite acts as a continuing source of asbestos to ambient air. The results
of this program have been summarized and discussed in Section 5,1.3, As
described in that section, the first round of source/receptor sanpling
indicated higher asbestos levels In sanples collected upwind of the site than
on sice. The higher concentrations are atcribuced Co potential off-alto
sources, Including the reservoir barn and the Maple Street Piles southeast of
the site, and heavy traffic In some off-site sampling areas. Elevated
concentrations were also observed In the filter bed lagoon area; che suspected
sources were surfaces that had cone into concace with asbestos present in the
sediments and surface water of the lagoons, the gray fibroua material observed
between the lagoons and the Nicolet Plant building and ongoing manufacturing '
operations in the Plant building at the toe of the Plant Pile, The results of
the second round of source/receptor sampling also indicated that asbestos from
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the Anbler sice has no measurable Impact on ambient air downwind of the sice
although interpretation of the results is uncertain due to blank
contamination, Based on the third round of sanpling it was again concluded
that the site does not measureably inpact asbestos ambient air concentrations
downwind of the site. Furthermore, as discussed in Section 5,1,3, the
pocentlal for detectable asbestos releases during nose of the late spring,
sumner and early fall may be minimal, While the RI data indicate some
elevated asbestos levels, for example in the area of the Maple Street Piles
and che filter lagoon beds, they are inadequate to estimate site-specific
ambient asbestos concentrations for use In a risk assessment for the Anbler
sice. The resulta do indicate, however, the presence of potential asbestos
sources in the site area which might affect ambient air quality.

In the absence of monitoring data from which site-specific exposures can be
estimated, exposure point concentrations can occasionally be predicted using
emission and air dispersion models, An emission model is used to predict the
race of release of a contaminant from the site into the air, The dispersion
nodel uses the estimated emission rate to predict concentrations of a
contanlnant in ambient air around the source, Emission nodels have been
developed to characterize releases of fugitive dust (soil) from exposed sites
due co boch mechanical disturbances (e.g., vehicle traffic) and wind erosion'
(Cowherd et al. 1984, USEPA 1985f). No emission nodels are known co have been
specifically developed to predict emission rates of asbestos from exposed
sices, however, USEPA considers fugitive dust emission nodels found in AP-42
(USEPA 1985f) to be appropriate for this purpose (Shlpnan 1988, personal
cooaunlcation) , The Ambler site is generally very well vegetated and usually
very moist compared to sites at which fugitive dust is likely to be a problem,
The moisture, vegetation, and lack of friability of asbestos at Anbler
indicate that fugitive dust predictions may not be appropriate to che sice,

In conclusion, neither of the two potential approaches for predicting site-
specific asbestos concentrations In ambient air, monitoring results or
emission and dispersion models, are considered appropriate for use in this EA
to predict ambient asbestoa levels associated with the relatively well-
vegetated Ambler site, In this EA, then, potential human health risks
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I
associated with ambient air impacts cannot be quantitatively evaluated, ^J
Potential releases of asbestos to ambient air fron the Ambler sice may, I--,
however, occur due to the existence of exposed areas containing asbestos which
could be disturbed, Based on the known presence of exposed areas of asbestos
at the Ambler site, and the potential for releases of asbestos into ambient
air from these sources, It can be qualitatively concluded that potential human
health risks to on-aite workers and nearby residents may be associated with
releases of asbestos from the site Into ambient air,

6,5,2.2 Inhalation Exposures Occurring During Activities

Although of short duration compared to inhalation of contaminated ambient air, )
asbestos air concentrations nay be significantly elevated above ambient levels
during specific types of activities, Under present site use conditions at the I
Ambler site, activities that could stir up asbestos fibers Include playing and
hiking on the piles by children and outdoor tasks conducted by workers
employed in the site area (e.g., employees at the Nicolet plant), During such
activities, individuals could Inhale the asbestos that has been suspended in ~^
air, The areas from which asbestos could be most readily suspended are the vj>'
exposed tops and slopes of the piles. t

In the absence of further site remediation and/or continuing maintenance, che
portion of the piles which is exposed is likely to Increase as a result of I
erosion and weathering. In addition, with no Units on site use In the
future, other types of acclvlcies could theoretically occur, including
increased recreational use of the piles, and possibly vehicle use on the
piles, Mechanical disturbances of the pile surface by vehicles Including
bicycles sre potentially capable of generating nuch greater quantities of '
fugitive dust than wind erosion.

j
A few research efforts have been undertaken In an attempt to determine the
inpacc of activities conducted in asbestos-contaminated soil on breathing zone
air concentrations. The experiments have primarily been conducted at sices in
Northern California where asbescos contaminated soil is known to be present,
No activity-related experiments have been conducted In a clinate Identical to
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Ambler, Four general types of activities have been examined: (1) a worst-case
scenario in which asbestos contaminated soil was thrown in front' of a fan and
air concencracions were measured ten feet downwind at 30 Inches above the
ground (Aqua Terra 1987); (2) vehicle scenarios in which a truck or car was
driven along an asbestos contaminated dim road and samples were collected
upwind and downwind (USEPA 1988, Aqua Terra 1987); (3) a playing scenario in
which a toy dump truck was filled and emptied for 15 minutes and personal all-
samples were collected at four and one feet (Aqua Terra 1987) ; and (4) a
gardening scenario in which loose dirt containing asbestos was turned over
with a shovel for 15 mlntues and personal air sanples were collected at onn
and four feec (Aqua Terra 1987).

The results of these activity-related experlnenta can provide an indication of
the potential air concentrations and associated exposures and risks that may
be associated with similar activities conducted at the Ambler site . The
playing scenario was conducted In soil containing approximately 5% asbestos
(approximately 131 by TEM) and breathing zone air concentrations were
estimated to be roughly 1,7 NIOSH fibers/cm3 (PCM fibers), The geometric mean
and naxinua surface soil asbestos concentrations at che Locust Street and
Plant piles were 121 and 551, respectively, Conservatively assuming that
asbestos-contaminated aoll at Ambler would behave as the asbestos-contaminated
soil did In che experiment, and that breaching zone air concencracions are
directly proportional to asbestos soil concentrations, breathing zone air
concentrations for a playing scenario on che piles at Ambler could range from
4 'fibers/cm3 Co 19 fibers/cm3 (PCM fibers) , These levels would greatly exceed
the OSHA 8-hour tlme-welghced air concentration for workers, If activities
similar to the simulated playing scenario were to occur repeatedly (e.g.,
every other weekend for several months of the year for a period of several
years) among children playing at the Ambler site, cumulative asbestos
exposures could result in increased lifetime cancer risks exceeding one in one
million (see Table 1 in tisbestos toxicicy profile),

The worse-case and vehicle scenarios resulced in greater inpscts on air
concentrations than did the playing scenario, The worst-case scenario was
conducted in soil containing less than one percent chrysotile based on PLM and
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roughly 301 asbestos based on TEM, and resulted in air concentrations of
approximately 200 f/cm- by PCM. This scenario is considered unlikely to C[\
repeatedly occur among individuals at the Anbler site although some types of ';
remedial activities could simulate this worst-case scenario. The most
experimentally rigorous of tha activity-related experiments was a vehicle •
scenario conducted by the-USEPA (1988), In this experinent, a car was driven
back and forth along a 100 foot teat section of dirt road In California j
containing approximately 0-41 asbestos, One-hour average air concentrations
downwind from the road (933 ng/cm3 10 ft, downwind, 2,448 ng/cm3 25 ft. ,
downwind, and 855 ng/cm3 50 ft. downwind) exceeded upwind air concentrations ;
(39 ng/cm3 25 ft. upwind) by 22-63 times, From a qualitative standpoint,
these results indicate that vehicle use on unpaved surfaces containing
asbestos at the Ambler site could result in elevated air concencracions of
pocenclal concern co nearby residents or on-site workers, These resulcs may j
be Boat applicable co removal and treatment types of remedial activities that
could be considered for the Anbler site, Such remediation measures would
likely result in significant disturbances of asbestos-contaminated areas and
would likely generate significant quantities of fugitive emissions. Shorter-
term Inhalation exposures to elevated asbestos levels in air resulting fron . C]:
such remedial activities would likely be of greater concern to human health
than leaving the piles undisturbed but well covered and well vegetated. |

In the absence of site remediation (i.e., under the no-action alternative), l
activities such as these could occur under present site use conditions and, '
•ore likely, under future site and land use conditions. Among subpopulations
who nay repeatedly engage in these types of activities, cumulative asbestos ;
exposures of concern to human health could potentially reaulc,

I
6,5,2,3 Intaaeton Of Surface Water

Children living In the Ambler site area nay play in Wissahickon Creek and its
flood plain adjacent to the site or In the on-site lagoons, Contaminated
surface water could be Incidentally ingested by children wading or swimming, i
1C is unlikely that adults would cone into repeated contact with or ingest
surface water In che Immediate sice area. In addition, under presenc sice use '
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conditions it is considered unlikely chat children would wade or swim in che
on-slte lagoons,

Among the chemicals selected for detailed evaluation in this endangerment
assessment, asbestos was analyzed for in Wissahickon Creek, in the
drainageways leading from the site to Wissahickon Creek and in dralnageways
near the off-site Maple Street piles (see Table 6-6), The other selected
chemicals were analyzed for in standing surface water and the dralnageways
leading fron the site,

A different approach is used to estimate risks associated with incidental
ingestion of asbestos fron surface water than to estinate risks associated
with Ingestion of the other chenicals because of the different types of
toxicity criteria available, For asbestos exposures from water, the USEPA
(1985c) has developed a unit risk factor of 1.4 x 10'13 (fibers/liter)'1 based
on lifetine expoaure to asbestos in drinking water, assuming Ingestion of two
liters of water per day for a 70-year period by a 70 kg adult, This factor
can be used to predict cancer risks in this assessnent by adjusting for
differences in the exposure assumptions used to calculate the unit risk factor
and used for this exposure scenario according to the following equation:

Excess Lifetine
Cancer Risk - (Cw)(URF)(106)(YR/70)(F/365)(Iw*Dur/2)

where

Cy - Asbestos concetratlon in water (million fibers/liter),
URF - USEPA unit cancer risk factor (1.4 x 10'13 liters/fiber),
106 - conversion factor (1,000,000 fibers/million fibers),
YR - Yeara of exposure (years),
70 - Assumed years of exposure used to derive unit risk factor (70

years),
F • Frequency of exposure (days/year),
365 - Assumed days per year exposure used to derive unit rlak factor

(365 days/year),
IH - Incidental surface water Ingestion rate (liters/hour),
Dur - Duration of surface water exposure (hours/day), and
2 - Assumed water ingestion used to derive unit risk factor (2

liters/day),
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The exposure parameters used in this equation were developed based on site- [•'
specific information or information available In the literature. Table 6-10
summarizes the parameter values used to predict risks for this pathway. It
was assumed thac children from seven Co 11 years of age would be mosc likely
co repeatedly visit and play In contaminated surface water near the site, The
average body weight over the total five years of exposure was estimated to be
30 kg based on detailed body weight Information provided In USEPA (1985g),
Two different exposure scenarios were developed for this pathway, one for
Wissahickon Creek which nay be more attractive for children to play in, and
the other for standing water pools and the dralnageways. The frequency of
exposure to surface water In Wissahickon Creek was assumed to be 12 days per
year for the average case (e.g., one day per week, four weeks per month for
the three summer months) and 24 days per year for the maximum plausible case
(e.g., two days per week each week over the three summer months), The
frequency of exposure to surface water In standing pools and drainageways was
assumed to be three days per year for the average case (e.g., one day per '
month for the three summer months) and six days per year for the maximum _.
plausible case (e.g., two days per monch for che sunmer months), There are no V'
experimental data available on amounts of surface water ingested during
recreational use, however, an assuaed value of 0,05 liters/hour has been i
recommended for use by che USEPA (1987d), 1C was further assuaed chat surface
water exposures would last for two hours (I.e., 0.05 liters/hour x 2 hours -
0,1 liters ingesced per exposure event), '

Table 6*11 summarizes the risk estimates associated with incidental Ingestion
of asbestos fron surface water for the exposure scenarios described above,
The excess lifetime cancer risks range fron 3x10*' for che average case Co
7x10*8 fot Cnl mxinun plausible case, Ic should be kepc In nlnd chat there
are likely to be seversl sources of asbestos in Wissahickon Creek (e.g., the
Ambler site and the Maple Avenue piles) and thus these risks cannot bs
aecrlbuced solely to the Ambler site,

9
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TABLE 6-10
EXPOSURE PARAMETER VALUES USED FOR THE

INCIDENTAL INCESTION OF SURFACE WATER PATHWAY

O

Exposure Parameter Parameter Value

Age Period of Exposure 7 • 11 years
Total Years Exposed 5 years
Average Body Weight 30 kg
Frequency of Exposure • Hissahickon
Creek

Average Case 12 days/year
Maximum Plausible Case 24 days/year

Frequency of Exposure • Standing
Water and Drainageways

Average Case 3 days/year
Maximum Plausible Case 6 days/year

Incidental Surface Water
Ingestion Rate* 0,05 liters/hour

Duration of Exposure Event 2 hours •

'Based on recommended value provided In USEPA (1987d),

u
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Among the other chenicals selected for evaluation in this risk assessment,
only inorganics were detected in standing surface water and dralnageways, All
of these inorganic chemicals are noncarcinogens for which the USEPA has
developed reference doaes (RfDs) in mg/kg/day, To evaluate the potential
risks associated with exposure to these chenicals, chronic dally Intakes
(GDIs) as a result of incidental surface water Ingestion are eatlnated using
the equation:

(BW)(365)(YR)(1000)

where

CDI

-wDur
F
YR
BW
1000
365

Chronic daily intake (ng/kg/day),
Surface water concentration (ug/liter),
Surface water ingestion rate (liters/hour),
Duration of exposure event (hrs/day),
Frequency of exposure (days/year),
Years of exposure (years),
Average body weight over period of exposure (kg),
Conversion factor (1000 ug/mg), and
365 days/year1.C Table 6-12 shows the estinated CDIs associated with Incidental ingestion of

inorganic chemicals In standing surface water and drainageways , These CDIs
are divided by the chemical-specific RfDs to indicate tha potential for
noncarcinogenic risks from this pathway, As can be seen from Table 6-12, all
of the chemical-specific CDI: RfD ratios are well below one • i is the hazard
index (the sun of all the chemical-specific ratios) , indicating that
noncarcinogenic effects would not occur from this exposure pathway,

6,5,2,4 Intention Of Soil

In addition to Incidentally ingesting chenicals fron aurface water,
individuals may directly contact and subsequently Inadvertently ingest
chemicals present in soil on the piles which nay adhere to hands, toys, tools,
etc, Inadvertent Ingestion of chenicals present in soil is noat likely to
occur in young children, although exposures could possibly occur among adults
who engage in activities Involving soil contact such as gardening and
landscaping. For thia EA, exposures to children are considered to be more

O
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likely to occur and to be of concern to human health than exposures to adults
because the Anbler site is unlikely to be used by adults for activities
Involving soil contact, In contrast, however, children are currently known to
occasionally play' on the on-site piles.

Areas where soil exposures are moat likely to occur under present alte use
conditions Include the Locust Street and Plant piles, the old playground
(currently fenced In), and the Hissahickon Creek flood plain, In the future,
access to potentially contaminated areas on alte could Increase, for example
if the old playground were reopened or if the on-site lagoons were drained,
Such increased access and use of potentially contaminated areaa could enhance
erosion, increase the number and size of exposed areaa of asbestos, and
potentially increase human exposure to asbestos and other chemicals in soil,
Thus in the future with no site remediation, both the nagnltude of potential
exposures and the size of the potentially exposed population via Incidental
soil Ingestion could increase,

In addition to inadvertent ingestion of soil, exposure can also occur via
direct Ingestion. The direct Ingestion of non-food items is termed pica, and
soil-specific pica is termed geophagla. Pica, is a rather general tern that
includes both the experimental ingestion of non- food items common In children
and the abnormal and relatively unconnon craving for and habitual Ingestion of
non-food items, This latter condition is usually associated with nedlcal
conditions (e.g., malnutrition) and la often called habitual pica, Because
habitual pica is rare, it is generally not considered in risk assessment; the
ingestion of non-food itens that Is common in young children is considered.

Exposures to children (I.e., chronic daily intakes or CDIs) as a result of
Incidental soil Ingestion can be estimated for the chenicals of concern using
the equation:

CDI . (Cs)(Is)(F)(YR)(Blo) ______
<BW)(1000)(10t>)(365)(YR or 70)

where
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CDI Chronic dally intake (mg/kg/day), C\\
Cs Soil concentration (ug/kg),
I3 Soil Ingestion rate (mg/day),
F Frequency of exposure (days/year),
YR . Years of exposure (yearn),
Bio Relative bloavailablllty of chemical fron toil natrlx,
BU Average body weight over period of exposure (kg),
1000 Conversion factor (1000 ug/ng),
106 Converalon factor (1,000,000 rag/kg),
365 365 days/year, and
70 70 years for carcinogens (YR for noncarclnogens).

Table 6*13 lists the values used In thia equation to estinate chronic dally
intakea, The parameter values were based on Information available In the
literature where poasible or based on site-specific Information, Based on the ,
current accessibility of the site (i.e., partially fenced but not strictly
secured), it was assumed that children from seven to 11 years of age would be
most likely to repeatedly visit and play in contaminated site areas, Over the
total exposure period of five years, it was assumed that children would play
on the site 49 days per year for the average case [e.g., one day per week
during the 344 days per year the maximum dally temperature exceeds 32°F (NOAA /">•
1979)] and 98 days per year for the maximum plausible case (e,g,, two days
per week during the 344-day period), The average body weight over the total
period of exposure was estimated to be 30 kg based on data in USEPA (1985g).
Incidental soil ingestion rates were based on a review of Information provided
in the scientific literature (Lagoy 1987), including a review of several '
experimental studies that have been conducted to determine soil ingestion
rates among children (e.g., Binder et al, 1986, Clausing et al, 1987), For
the average case It was assumed 50 mg soil would ba incidentally Ingestud per
day the site is visited and for the maxlmun plausible case the incidental soil
Ingestion rate was assumed to be 250 mg per day. The bloavailablllty of
asbestos from soil Is assumed to be unaffected by the Ingested soil matrix.
For PAHs, however, which are known to strongly adsorb to soil particles, :
bloavallabllity from soil is expected to bo lower than fron an ingested
solvent or food (e,g,, vehicles used in experimental studies on animals from
which the cancer potency factor and RfD are derived), Based on Information on '
the bloavallabllity of a similarly large lipophlllc molecule, polychlorinated

O
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TABLE 6-13
EXPOSURE PARAMETER VALUES USED FOR THE INGESTION OF SOIL PATHWAY

Exposure Parameter Parameter Value

Age Period of Exposure 7 • 11 years
Total Years Exposed 5 years
Average Body Weight 30 kg
Frequency of Exposure8 '

Average Case 49 days/year
Maximum Plausible Case 98 days/year

Incidental Soil Ingestion Rateb
Average Case 50 ng/day
Maximum Plausible Case 250 ng/day

Relative Bloavallabllity Fron
Ingested Soil
PAHs 15t - 50t
Asbestos 100%

'Based on the 344 days per year the maximum dally temperature exceeds 32°F
(NOAA 1979) assuming one day per week for the average case and two days per
week for the maximum plausible case,
bBased on Lagoy (1987).
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dibenzo-p-dloxins, from ingested soil (USEPA 1987e, Polger and Schlatter 1980, (])
MoConnell et al, 1984, Lucler et al. 1986), the relative bioavallablllty of
PAHs fron an ingested soil natrix relative to solvent or food was assumed to
range from 151 to 50t.

The soil concentrations used to evaluate this pathway were based on the
shallowest samples analyzed, zero to four feet for asbestos and four to seven
feet for PAHs (see Table 6-2), The asbestos concentrations In soil have been
reported in percent by area units, For the purposes of providing an
indication of potential risks associated with Ingestion of this chenical from
soil, It was assumed that the percent asbestos soil concentrations by area
equaled their concentrations on a nass basis, This assumption nakes intuitive
sense because the particle density of soil and the particle density of
asbestos are about the sane,

Table 6-14 presents the estimated CDIs for the specific exposure scenarloa
described above, The CDIs for carcinogens have been averaged over a 70-year
period (25,550 days) according to UPEPA (1986a) guidelines and over the total {J/
nunber of years exposed for the noncarcinogenic PAHs (i.e., 365 x 5 years -
1,825 days). ,

The potential risks associated with these chemical intakes are shown In Table ,
6-15. For the noncarcinogenic PAHs, the ratio of the CDI tl the RfD la well
below one, indicating that adverse noncarcinogenic human health effects would
not occur, For the carcinogenic PAHs, the CDI has been multiplied by the ,
cancer potency factor of 11.5 (mg/kg/day)'•• to predict an excess lifetime
cancer risk of 2 x 10*? for the maximum plausible case exposure scenario,
(Insufficient data were available to calculate an average carcinogenic PAH
soil concentration,) >

Estimating cancer risks for Incidental Ingestion of asbestos present In soil
Ii more complicated because the USEPA (1985c) has developed a unit risk factor
for exposure to asbestos in surface water (1.4 X 10'13 (fibers/liter)"1] only
and not for exposure to asbestos from other environmental media where
concentrations may be reported on a naas (not fiber) basis, This unit risk r" ,
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factor was used as the basis of the Maximum Contaminant Level Coal (MCLG),
There are several important uncertainties associated with even this unit risk
factor, as discussed in the Hazard Identification section, In order to
quantify risks associated with incidental ingestion of asbestos in soil, the
USEPA unit risk factor was converted into a mass-based potency factor
(mg/kg/day)'•• using the following equation:

Mass-based cancer unit day 0,129 x 109 fiber
potency factor • risk x ____ x _________ x 70 kg

factor 2 liter 1 mg

1.4 x 10'13 x 0.129 x 109 x 70
6,3 x 10'A (mg/kg/day)'••

/2

This conversion was done only for the purposes of providing a rough indication
i of the potential excess lifetine cancer risks associated with direct contact

with asbestos in soil and subsequent incidental Ingestion at the Ambler site,
The conversion factor from fibers to mass of asbestos was taken to be 0,129 x
109 fiber per mg asbestos based on TEM drinking water measurements performed

/-"-N at the Illinois Institute of Technology Research (DTP 1984) in conjunction
with development of the MCLG, There Is a significant level of uncertainty

i associated with this conversion as the average fiber count per nass for the
' Anbler site Is likely to differ fron the average fiber count per nass observed

in the bloassay used to derive the MCLG, Based on this conversion, the excess
j lifetime cancer risks for Incidental ingestion of asbestos from soil were

estimated to be 1 x 10"6 for the average case and 6 x 10'5 for the maximum
! plausible case, Because of the uncertainty inherent in converting fron a

fiber-based unit risk factor to a mass-based potency factor, the uncertainty
associated with risks related to exposure to asbestos through this pathway may
exceed an order of magnitude, Additional uncertainty is added by the fact
that only benign tumors were noted in the bloassay which is the basis of the
potency factor,

6,5.2.5 Infestton Of Sediment

While playing in the Wissahickon Creek area, dralnageways, or standing surface
water pools, children could also cone into direct contact with contaminated

O
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sedlnents and Inadvertently Ingest asbestos and other chemicals present in
then. The chronic daily Intakes associated with this pathway are calculated
using the equation:

CD! - (C__)(Ifl_)(F)(VR)(Blo)
(BW)(1000)(10°)(365)(YR or 70)

where

CDI

TO
Bio
BW
1000
106
365
70

Chronic dally Intake (ng/kg/day),
Sedlnent concentration (ug/kg),
Sediment Ingestion rate (ng/day),
Frequency of exposure (days/year),
Years of exposure (years),
Relative bloavallabllity of chenlcal fron sediment matrix,
Average body weight over period of exposure (kg),
Conversion factor (1000 ug/ng),
Conversion factor (10° mg/kg),
365 days/year, and
70 years for carcinogens (VR for noncarclnogens).

Table 6-lb' lists the exposure parameter values used to estimate chronic dally
intakes for this exposure pathway, Host of che parameter values used for the
incidental ingestion of surface water pathway were also used for this pathway.
In contrast to the literature on soil ingostlon rates, there are, however, no
experimental studies available to estimate sediment Ingestion rates among
children. For the purposes of this risk assessment, the soil ingestion rates
fron Lagoy (1987) were used to characterize sedlnent Ingestion rates although
It Is not known whether these values may over- or under-estlmate exposures,

Table 6-17 presents the estimated CDIs for the selected chemicals that were
detected in drainageway sedlnents near the site (copper and PAHs), Asbestos
was noc detected in drainageway or creek sediments although It was dstected
near the Maple Street piles, For the noncarclnogens, CDIs were averaged over
the nuaber of days in Che total five year exposure period (1,825 days) whereas
for carcinogenic PAHs CDIs were averaged over the number of days In 70 years
(25,550 days), Tabl* 6-18 shows the CDIiRfD ratios for copper and
noncarcinogenic PAHs, all of which are well below one indicating that adverse
noncarcinogenic effects through this pathway would not occur, For exposure to
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TABLE 6*16

EXPOSURE PARAMETER VALUES USED FOR THE
INGESTION OF SEDIMENT PATHWAY

Exposure Parameter Parameter Value

Age Period of Exposure 7 • 11 years
Total Years Exposed 5 years
Average Body Weight 30 kg
Frequency of Exposure11

Average Case 12 days/year
Maximum Plausible Case 24 days/year

Incidental Sediment Ingestion Rate''
Average Case 50 ng/day
Maximum Plausible Case 250 mg/day

Relative Bloavailabillty Fron
Ingested Sediment
PAHs 15% • 501
Asbestos lOOt

bBased on soil Ingestion rates provided in Lagoy (1987).

O
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carcinogenic PAHs, the excess lifetine cancer risks are estimated to range f"ft
fron 4 x 10"8 for the average case scenario to 3 x 10"' for the plausible
maximum case scenario,

6,6 ECOLOGICAL RISK ASSESSMENT

In addition to potential exposure of the human population discussed in earlier
sections of this report, flora and fauna may also be exposed to contamination
at and around the Ambler Asbestos site, Chemicals present at the site nay be
toxic to plants and animals exposed to these substances via air, water, soil,
sediment, or food, This section of the endangement assessment will identify
possible environmental receptors, address the potential pathways by which
these receptors nay be exposed to the chenicals of concern at the site, and
determine the hazards to wildlife that may exist at or near the site.

The steps followed in an ecological risk assessment roughly parallel those for
a human health risk assessment, in that Information on exposure and toxicity
are combined to generate an estinate of potential Impacts. Ecological risks (">;
are usually evaluated separately because of the potential diversity of the
receptors, Another major difference between an ecological risk assessment and
a human health risk assessment is the receptor type focused on. In a human !
health risk assessment, potential exposures to both Individuals and
populations may be estlnated. While protection of individual environmental '
receptors also nay be important (e.g., the death of one Individual of an
endangered species), In most cases, an ecological risk assessment focuses at
rhe population and ecosystem levels. Because there is a paucity of toxicity
data relevant to wildlife and it Is difficult to draw inferences at the
population and ecosystem levels, wildlife risk assessments are most frequently
qualitative,

6,6,1 CHEMICALS OF POTENTIAL CONCERN

The chenicals that will be evaluated in this environmental assessment are the
same chemicals evaluated for potential Impacts to human health as these were
not selected based on human health considerations, The chemicals of concern ,,,..,
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/T*\ were selected on the basis of; (1) their presence at the site at
concentrations above background, (2) frequency of detection, or (3) site
relatedness, Thus, the chemicals of potential concern for the environmental
assessment are aluminum, asbestos, barium, calcium, copper, iron, lead,
magnesium, nanganese, nickel, polycyclic aronatlc hydrocarbons (PAHs),
potassium, silver, and zinc, However, the available information concerning
toxicity of many of these chemicals to wildlife (particularly terrestrial
wildlife) is not adequate to assess potential toxic effects for each receptor
via each pathway,

6,6,2 ENVIRONMENTAL RECEPTORS

The flora and fauna existing at the Ambler Asbestos site have not yet been
inventoried, and therefore identification of the potential environmental
receptors is based on habitat characteristics and personal observations.

I
As discussed earlier In Section 6-4, the site is located near the Wissahickon

f""S Creek, a tributary of the Schuylkill River, Numerous ditches and ponded areas
located directly to the south of the landfill and lagoon areas which feed into
Wissahickon Creek, are likely to attract numerous forms of wildlife, A

- variety of grasses, shrubs, and young to mature trees are present along the
Wissahickon Creek floodplain area, Crown vetch is the predominant vegetative

i cover on the waste piles at the site, However, shrubs and trees are also
present on the piles,

Waterfowl are known to frequent the area, Mallards have been observed on the
lagoon, Wood ducks have been seen nesting near the lagoons, and Canada geese
have also been observed, Other avian species Including pheasant, hawks,
numerous songbirds, and crows utilize the area for foraging and nesting
purposes,

As stated earlier in the RI, burrows have been observed on several slopes of
the Locust Street and Plant Piles, The burrows extend Into the cover and into
the waste materials, Mammals which have been observed at the site Include
raccoons, groundhogs, muskrat, skunks, squirrels, and red fox, Deer have been

U
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sighted on the Locust Street Pile. Rodents such as field mice and noles are
also likely to frequent the area. '.„[)

Wissahickon Creak is habitat for fish and other forms of aquatic life;
sunflsh, minnows, and eels are known to occur in the creek, The creek Is
stocked annually with trout downstream of the site at the Fort Washington
State Park. Most of the trout, which are sensitive to the seasonally warner
temperatures and low dissolved oxygen, do not survive the summer,
Salamanders, frogs, turtles, snakes, and other amphibians and reptiles are
likely to be found In or near these ditches and che creek, It is unlikely
that any Invertebrat* or vertebrate aquatic species Inhabit the lagoon; sone
tolerant forms of insects and other Invertebrates nay exist if contaminant
concentrations are within tolerable levels for at least some species.
Extensive algal blooms are reported to occur in the lagoon during the summer >
months, '

!
6.6.3 ENVIRONMENTAL HAZARD ASSESSMENT '

In this section, a brief description of the toxic effects of the site-related QJ)
chemicals to biota Is provided. In addition, any available chemical-specific
standards, criteria, and guidance are Identified, As will be seen from the j
following dlscuisions, no such values have been developed for the protection
of terrestrial wildlife, < ,

6.6.3.1 Alualnua

The aquatic toxicicy of aluainua ia thought to be due to the soluble inorganic
forms, Alualnua is amphotarlc with minimum solubility at approximately pH
5.5, As pH increases and decreases I. im 5,5, alunlnun solubility Increases,
Freeman and Everhardt (1971) and Hunter it al. (1980) found that as pH
Increases, alunlnun toxicity to rainbow ui-out Increases, However, Call
(1984), Boyd (1979), and Klmball (manuscript) found the opposite in tests
using fathead minnows,
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Chronic toxicity of aluminum has been tested with flaphnla maena (Klmball
manuscript) which was found to have a chronic value of 1,388 ug/L after 28
days. Reduced growth rate at a concentration of 7,100 ug/L was reported by
Kinball (nanuscrlpt) In 28-day (posthatch) embryo-larval tests using fathead
ninnows. No bloaccumulation data are available (EPA 1986h),

Tests for aquatic phytotoxlcity using the alga Selanastrum canrlcornutun found
it sensitive to aluminum at a concentration of 460 ug/L (Call 1984),

To date, no AWQC have been established, but recommended values for soluble
aluminum are 750 ug/L for prevention of acute effects and 87 ug/L for
prevention of chronic effacts.^

Susceptibility to aluminum poisoning varies widely among terrestrial plant
species, Wallace and Romney (1977) reported a threshold concentration of 20
ug/g in rice shoots and 30 ug/g in soybean leaves, The solution level
necessary for these concentrations was 8 ug/ml. A concentration of 81 ug/nl
caused severe toxicity, Most of the alunlnun renained in the roots, but
leaves contained higher concentrations than stems in soybeans,

No data were available concerning the toxicity of aluminum to birds and
nannals,

6,6,3.2 Asbestos

Asbestos fibers are extremely persistent in the environment:, The toxicity of
asbestos to aquatic life and other wildlife is not well documented, In fish
It appears that the primary route of exposure to anphiboles is via ingestion,
based on trout studies (Batterman and Cook 1981), Anphiboles are not taken up
by the gills; data on chrysotile are less definitive. The nechanlsm of
asbestos toxicity Is uncertain; the fibers may have a direct toxic action

^Personal communication with Frank Gostompskl, EPA Offleu of Water
Quality and Standards, February, 1988,
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resulting fron physical intolerance with plasma membrane function or by /•>
direct damage to membranes, '

Asbestos fibers are acutely toxic only at very high concentrations, Fathead
minnows exposed to 1012 fibers/liter for 96 hours or 108 fibers/liter for 30
days did not exhibit Increased mortality over controls (Belanger 1986), The
Japanese medaka (fish) (Orvzlaa latipeal exposed to 10-° fibers/liter for 60
days experienced 100% mortality, Weight gain of juvenile fathead minnows was
reduced after 30 days exposure to between 106 and 108 fibers/liter. Length
was not affected, however (Belanger et al. 1986), Coho salmon <0neorhvnchus
klsuteM and green sunfish (Lepomta maeroehlrua^ larvae exposed to 1 to
l.SxlO6 fibers/liter chrysotile for up to 86 days or 3xl06 fibers/liter for up
to 52 days did not exhibit reduced length or weight gain (Belanger et al,
1986). However, sunfish suffered severe scale and epidermal erosion fron i
exposure to the high concentrations, as well as Impaired equilibrium,

!
Asbestos exposure also results In tumor formation In fish and clams, Coho
salmon developed tumorous swellings in the gills following exposure to 3xl06 /"̂
fibers/liter (3 MF/llter) of chrysotile (Belanger et al. 1986), Medaka ^
developed epidermal tumors following exposure to 1010 fibers/liter.

USEPA (1980a) has concluded that data concerning asbestos are insufficient to
establish acute and chronic ambient water quality criteria for protection of
aquatic life.

Data concerning toxicity of asbestos to terrestrial wildlife were unavailable
In the literature. However, no data are available for exposure via oral or
damal routes,

\
The carcinogenicity of asbestos fibers in mammals Is well established through
laboratory aninal experiments and human epldenlologlcal studies. Studies on
the health effects of inhaled or Ingested asbestos conducted in experlnental
animals can be examined to summarize the health risks to snail ntanals, such
as field mice and squirrels, exposed to asbestos in the natural environment,
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.«-v The prinary health effects of inhalation of asbestos fibers are lung cancer,
1 mesotheliona, and fibrosis of the lung, Lung cancer and nesothelioma have

been reported In experimental animals following long-term inhalation exposure
to chrysotile, amoaite, crocidolite, and anthophylllte asbestos fibers (USEPA
19B6b), These tumors have been observed in rats but not in rabbits, guinea
pigs, hamsters, or in other animals exposed to similar concentrations of
chrysotile or anosite (Reeves et al, 1971), Wagner et al. (1974) exposed
Histar rats to five different asbestos sanples (anosite, anthophyllite,
crocidolite, Canadian chrysotile, and Rhodesian chrysotile) at concentrations
fron 10.1 to 14,7 mg/m3 for 7 hours/day, 5 days/week for 1 day or 3, 6, 12, or
24 nonths. All fiber types Induced adenocarcinoma and squamous cell carcinoma
of the lung and mesotheliomas, In general, tumor incidence increased with
length of exposure, Wagner et al, (1974) also reported Incidences of
asbestosis in dosed animals; animals with lung tumors showed little or no
evidence of asbestosis,

1 A number of studies on ssbestos Ingestion In experimental aninals have been
.^ conducted although the results of these bioassays do not provide adequate
**~J evidence of an association between Ingested asbestos and induction of cancer,

Glbel et al. (1976), Donham et al. (1980), and Cunnlngham et al, (1977)
conducted bioassays in which rats were fed diets containing chrysotile
asbestos; no conclusions could be made from these studies regarding the

i carcinogenic potential of ingested asbestos. NTP (1984) reported an increase
in benign epithelial neoplasms of the large intestine in F344/N rats fed
chrysotile fibers in the diet, This has been interpreted as United evidence
that Ingested chrysotile asbestos fibers may be carcinogenic; however, a
similar bioassay conducted in Syrian golden hamsters exposed to chrysotile
fibers did not yield the same results (NTP 1983), NTP also conducted long-
tern bioassays in F344/N rats fed amosite, tremollte, and crocidolite in the
diet (NTP 1982a,b, 1988) and in Syrian golden hamsters fed anosite in the diet
(NTP 1982c), Although elevated Incidences of thyroid gland C-cell carcinoma
and adenoma were observed in rats exposed to anosite and croctdollte, NTP does

1 not consider anosite, trenollte, or crocidolite asbestos fibers to be toxic or
( carcinogenic when Ingested at a concentration of It in the diet (NTP
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1982a,b,c, 1988). No significant adverse noncarcinogenic effects of prolonged _
asbestos Ingestion have been reported in experimental animals (USEPA 19841). v• !•

6,6.3.3 Barlun

Barium is readily oxidized in water to fom barlte (BaSÔ ) and witherlte
(BaC03), both of which are highly Insoluble In water. Other barlun salts are
reportedly toxic (Lange 1965, NAS 1972); however, these forms are not expected
to occur in natural aquatic environments, Barlun Ions In general are rapidly
precipitated or renoved fron solution by absorption and sedimentation (McKue
and Wolf 1963, NAS 1972), Experimental data indicate that soluble barium
concentrations would have to exceed 50,000 ug/llter before toxic effects to
aquatic life might be observed, In nost natural waters, there is sufficient
sulfate or carbonate to precipitate the barlun present In the water, rendering
it an insoluble nontoxic compound. As the physical and chemical properties of
barium will generally preclude the existence of the toxic soluble forn under i
usual freshwater conditions, EPA (1976) has not established criteria for the
protection of aquatic life. _ ,

No data were available concerning the toxicicy of barlun to terrestrial
plants, namnals, or birds, f

6.6.3.4 Calcium

Cslclum is not highly toxic to aquatic life, 96-Hour LCSOs ranging from
8,400,000 to 11,300,000 ug/litar ware reported for bluegill sunfish (Luuuiil
•aeroehirusUHAS I960, Cairns, Jr. and Scheler 1955, 1958, 1959, Industrial
Wastes 1956). Dowden and Bennet (1965) reported a 1-day LC50 of 3,526,000
ug/llter for Danhnta mama. Adverse effects are reported at concentrations as
low as 920,000 ug/llter for this Invertebrate (Anderson 1948), Snail eggs
fLvntuaa to.) experienced toxic effects at 1-, 2-, and 3-day concentrations of
4,485,000, 3,094,000, and 2,373,000 ug/llter respectively.

EPA has not established water quality criteria for calcium, Calcium is one of
the polyvalent metallic ions which define water hardness, Thus calcium
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xp\ indirectly affects the toxicity of those chemicals whose toxicity is dependent
' ' on water hardness (copper, lead, nickel, silver, and zinc),

, No data were available relating to toxic effects of calcium in birds, mammals,
or plants,

; 6,6,3,5 Cooper

The primary mechanism of copper toxicity in aquatic organisms is
osnoregulatory disruption and failure (Rand and Petrocelli 1985), Copper
toxicity decreases with increasing water hardness, Data suggest that
acclination increases tolerance to copper, Continued ingestion of copper in
excess of nutritional requirenents leads to accumulation, especially in the
liver (Rand and Petrocelli 1985), EPA (1985h) recommended that the 4-day
average concentration of copper (in ug/liter) should not exceed the value
given by •(0.8545[ln(hardness)]-l,465)| tnd the •_.„„,,. avarage concentration

1 should not exceed the vslue given by e(0.942Iln(h«dnsss)]-1.464)i 71,, v.lu.§
—̂«. corresponding to the 4-day and 1-hour average concentrations at a water

hardness of 100 mg/liter CaCC>3 are 12 and 18 ug/liter respectively, In acute
assays, the most sensitive species Is Daphnla magna with an EC50 of 6,5
ug/llter (Chapman et al, manuscript). However, an EC50 of 1 ug/llter based on
growth reduction is reported for the green alga Chlorella -p. (Steeman-Nielsen
and Wlum-Anderson 1970). The lowest maximum acceptable to-. :ant concentration
was 3,873 ug/llter for the brook trout (Sauter et al. 1976), A muscle
bloconcentratlon factor of 1,0 was reported for blueglll exposed for 660 days
(Benolt 1975),

No data were available concerning toxicity to terrestrial plants, mammals, or
birds.

6,6.3.6 Iron

Iron is an essential trace element required by both plants and animals, In
highly alkaline lakes where it is precipitated, it may be a limiting factor to
the growth of algae and other plants,
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Warnlck and Bell (1969) reported 96-hour LC50 values of 320 ug/llter for V
mayflies, stoneflles, and caddlsflles. Brandt (1948) found Iron toxic to carp
fCvprlnui camiol at concentrations of 900 ug/liter at a water pH of 5.5.
Pike fEiox luelua) and trout (speclas not known) died at Iron concentrations
of 1,000*2,000 ug/llter (Doudoroff and Katz 1953). Iron precipitates coat the
gills and Inhibit oxygen uptake, and also create a smothering effect
detrimental to fish eggs and bottom-dwelling organisns, EPA has set a
continuous concentration criterion of 1,000 ug/llter for iron (NAS 1972).

Iron at exceedingly high concentrations has been reported to be toxic to
livestock and to interfere with the metabolism of phosphorous (NAS 1972). ,

Precipitated iron nay complex phosphorous and molybdenum naking them less '
available as plant nutrients. In alkaline soils, Iron may be so insoluble as
to result in chlorosis, an iron deficiency.

i

6.6.3.7 Lud ^
O'

The prinary mechanism of acute toxicity of lead to freshwater organisms Is
unknown, Lead toxicity decreases with increasing water hardness, EPA (19851)
has established 4-day and 1-hour average concentration criteria for lead not
to be exceeded by the values given by ,<1.266[ln(hardness)]-4.661) tnd ,
a(l,266(ln(hardness)]*1.416)i t,lptoeively, more than once every three years,
Using an average water hardness of 100 ng/liter, the 4-day and 1-hour criteria
correspond to 3,2 and 83 ug/llter, respectively,

The majority of Information on lead toxicity in birds is on body burdens in
waterfowl that have ingested spent lead shoe and died, However, United dose-
response information is available for a few species. Neurological effects
were observed within 24 hours of dosing in mallard ducks that had Ingested snd
absorbed lead shoe for a total Intake of 423.8 ng/kg body weight (Mautlno and
Bell 1987). These effects decreased 8 days after dosing, Inhibition of
delta*ALAD was apparent 1 week after dosing, Assuning a mallard weighs
approximately 1.2 kg (calculated from Terras 1980) and consumes an amount of
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food equivalent to 10» of its body weight each day, the dosage of 423,8 mg/kg
body weight Is equivalent to an approximate lead concentration in the food of
4,600 mg/kg. In American kestrels fFalco snarverlua^ fed 10 or 50 mg/kg lead
in the diet for 7 months, no effects were noted with respect to survival, egg
laying, initiation of incubation, or egg shell thickness (Pattee 1984), In 1*
day-old American kestrels fed 125 or 625 mg/kg body weight lead for 10 days,
growth was seriously depressed by day 6, and hematocrlc values were
significantly depressed by day 10 (Hoffnan et al, 1985), Forty percent of the
birds receiving 625 mg/kg lead died within 6 days. No effects were observed
In kestrels exposed to 25 ng/kg body weight, Assuming complete absorption of
the administered dose, and that a kestrel weighs 0,11 kg (calculated from
Terres 1980) and consumes an amount of food equivalent to 101 of its body
weight, the 25 mg/kg body weight dosage corresponds to an approximate lead
concentration in food of 280 ng/kg. Therefore, the 50 tig/kg level identified
in the Pattee (1984) study Is the highest NOEL Identified for birds based on

I the studies reviewed,

Q No data were available in the literature searched regarding the toxic effects
of lead to terrestrial wildlife species,

6.6,3.8 Hapieslum

i
1 Magnesium is another of the polyvalent metallic Ions which define water

hardness. Like calcium, it indirectly affects the toxicity of those chemicals
whose toxicity Is dependent on water hardness (copper, lead, nickel, silver,
end ainc), EPA hss not established anbient water quality criteria for
magnesium, No data concerning toxic effects of magnesium were found in the
available literature,

6,6,3,9 Manganese

Manganese is a nlcronutrient for both plants snd animals and is not highly
toxic to freshwater organisns, Acute toxic effects have been reported for
nanganese chloride at manganese concentrations ranging from 50,000 ug/L for

• * the Invertebrate Dachnia mapia to 7,850,000 ug/liter for the Japanese medaka
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(fish) Qriztas so.. Similar values have been reported for manganese in the _
fora of nanganese dlfluorlde, manganese nitrate, and manganese sulfate,

No anblent water quality criteria for protection of freshwater aquatic life
have been established by EPA for nanganese, McKee and Wolf (1963) suggest
that 1,000 ug/liter Is not deleterious to fish and aquatic life,

No data were available relating to toxic effects of manganese in birds,
mammals, or plants.

6,6,3.10 Nickel,

The adverse effects of nickel in aquatic organisms include alteration of cell
nembranes, formation of precipitates on gills, hematological effects and
reproductive impairment. Toxicity of nickel to freshwater organisms decreases
with increasing water hardness. EPA (19861) has proposed 4-day and 1-hour
concentration criteria not to exceed the value given by '
a(0.8460[ln(hardness)]+l,1645) wd e(0,8460[ln(hardness)]t3.3612)|
respectively. At a water hardness of 100 mg/1 CaC03, the corresponding values >-••'(
are 160 and 1,400 ug/llter, respectively,

Few data are available on the toxic effects of nickel in birds, In a feeding
study with mallard ducklings fed 0, 200, 800, or 1,200 ng/kg dietary nickel
from day 1 to day 90 of age, neurological effects were observed in the highest
dose group within 14 days of dosing (Cain and Pafford 1981), The weights of
the ducks in the highest dose group were significantly decreased at 28 days of
age, and the weight/length ratio of females in the 800 mg/kg group were
significantly different fron controls at days 30 and 60, A NOEL of 200 mg/kg
can be identified for this study, No Information was available on nickel
toxicity in raptor species or in other species at a concentration lower than
the duck NOEL,

No data were available regarding the toxicity of nickel to terrestrial
or plants.
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—. 6 6 3 11 Polvcvellc Aromacle HydrocarbonsO ' ' ' "̂ ^̂ -a*0̂ ^
Data on the aquatic and terrestrial toxicity of polycyclic aromatic
hydrocarbons (PAHs) are limited, PAHs have been observed to cause death,
teratogenesls, mutagenesls, and tumor formation in aquatic organisms, In
general, PAH concentrations that are acutely toxic to aquatic species are
several orders of magnitude higher than the concentrations found in even the
nost polluted waters (Neff 1979), A 96-hour LC50 of 820 ug/llter was reported
for fluorene exposure in rainbow trout (Finger et al. 1985), Following
longer-term exposures, the primary adverse effect of PAHs is tumor
development. Schultz and Schultz (1982) reported liver neoplasms in
approximately 441 of two species of minnows exposed 6 hours/week for 5 weeks
to 5 mg/llter of 7,12-dlmethylbenzanthracene,

Data which relate sediment levels of PAHs to toxic effects in aquatic
organisms are limited, Chapman et al, (1987) reported a range of sediment PAH
concentrations believed to be associated with no or minimal adverse biological

^_ effects, The levels ranged from 2,0 ng/kg to 12,0 ng/kg and were based on
'*"' laboratory and field data of toxic effects observed following exposure to PAHs

in narine sediments. Similar data are not available for the effects of
sedlnent PAHs In freshwater systens, and therefore the Chapman et al. (1987)
values for marine systems will be used to estimate potential adverse effects

• in the freshwater systems at the Anbler Asbestos site,

( In terrestrial species, the primary toxic effect of PAH exposure Is tumor
development, Chronic oral doses of 7,12-dlmethylbenzanthracene of 0,04 ug/kg
have induced cancer in laboratory rodents (Lo and Sandl 1978), Much higher
doses have induced cancer following short-term exposures, Food consumption in
deer mice and house mice was decreased following oral exposure for 5 days to
825 or 1,213 ng/kg of 2-methoxynarjhthalene, Mammalian toxicity data
summarizing the effects of the PAHs found at the Ambler Asbestos site are not
available, In birds, exposure to diets containing various PAHs at a total
concentration of 4,000 ppn caused Increased liver weights and blood flow to
the liver (Patton and Dieter 1980),
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The phytotoxlcity of PAHs has not been extensively studied,

0
PAHs bloaccumulate and bloconcentrate to some degree in aquatic species, A
bloconcentration factor of 920 has been reported for rainbow trout
continuously exposed for 10 days to 0,4 ug/llter of benzo(a)pyrene (Cerhart
and Carlson 1978), PAHs do not accumulate In mammalian adipose tissue,
Although the data are very United, PAHs do not appear to accumulate in
plants,

6,6,3,12 Potassium

Potassium Is a major cation In aquatic systems and Is a required nlcronutrlent .
for some aquatic species (Wetzel 1975), LC50 values of 679,000, 940,000,
1,941,000, and 4,200,000 ug/llter have been reported for potassium chloride In
D.phnla mapia. bluegill Lenomta nacroehlrus. snail species (Lynnaea) , and
nosquitoflsh Camhmia af finis. respectively (NAS 1972) , A threshold of
immobilization has been reported as 373,000 ug/llter potassium chloride for '
Daphnla mapia (HAS 1972).

0-
No ambient water quality criteria have been established for the protection of
freshwater aquatic Ufa, j

Data concerning toxicity to mammalian and avian species wev> not found. i

6,6.3.13 Silver

Silver is one of the nost toxic metals to aquatic organisms, and was
particularly toxic to development stages of rainbow trout (Blrge et al 1981) ,
Water hardness has an antagonistic effect on acute toxicity of silver,
Although no measured bloconcentraclon factors (BCF) were available for silver,
Chapman et al, (1968) have estimated a BCF of 3,080 for edible portions of
freshwater fish. EPA <1980b) has established a criterion for silver not to
exceed the value given by »(1.72[ln(hardness)]*6.52) at tnv tiat< For
example, at a water hardness of 100 mg as CaC03, the acute criterion would be
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,—s 4,1 ug/llter, Data indicate that chronic toxicity to freshwater aquatic life
'--•' nay occur at silver concentrations as low as 0,12 ug/liter,

Data concerning the toxicity of silver to terrestrial species were not found,

6,6.3,14 Zinc

Zinc is an essential trace element for aquatic organisns, and la important to
cell growth and differentiation, Exposure to sublethal concentrations of zinc
causes extensive edena and necrosis of liver tissue, Death results fron gill
necrosis and hypoxla, Zinc toxicity is dependent on water hardness, EPA
(1987f) has proposed that the one-hour concentration should not exceed the
value given by e<0'W«[ln(hardi.ess)J+0.7614) and the <,.day averaga should not
exceed the value given by e(°-8*73[ln(hardness)]+0.8604)i For exaBpie, at a
water hardness of 100 mg/liter, the 1-hour and 4-day criteria would be 120 and

i 110 ug/llter, respectively,

D T h e nost sensitive vertebrate species tested In acute assays is the rainbow
trout with a 96-hour LC50 of 90 ug/llter (Carton 1972); however, a 7-day EC50
of 30 ug/liter based on growth inhibition was reported for the green algae

; Selenastrun eaprleernutun (Bartlett et al, 1974), In chronic studies a
maximum acceptable toxicant concentration of 47 ug/liter was reported for both
Daphnla aapia and the flagflsh Jordanella florldae (Blesinger and Chrlstenson
1972, Spehar 1978), A whole body bloconcentratlon factor of 432 was reported
for the flagflsh following 100 days of exposure (Spehar 1978),

Zinc poisoning has been reported in cattle, In one outbreak, poisoning was
caused by food accidentally contaminated with zinc at a concentration of 20
g/kg, An estimated intake of 140 g of zinc per cow per day for about 2 days
was reported, The exposed cows exhibited severe enteritis, and some died or
had to be slaughtered, Postmortem findings showed severe pulmonary emphysema
with changes In the myocardium, kidneys, and liver, In pigs given dietary
zinc at concentrations greater than 1,000 ng/kg, decreased food Intake and
weight gain were observed, At dietary levels greater than 2,000 ng/kg, deaths
occurred as soon a 2 weeks after exposure, Severe gastrointestinal changes
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and brain damage, both of which were accompanied by hemorrhages, were
observed, as well as changes In the joints. ' '

No information was found regarding the toxicity to birds,

Although zinc Is an essential element to plants, involved in metabolic
functions, phytotoxlclty has been reported fairly often. Soil concentrations
of zinc reported to be phytotoxic range fron 70 to 400 ng/kg (Kabata-Pendlas
and Pendlas 1984),

6,6.4 ECOLOGICAL EXPOSURE ASSESSMENT

This section identifies exposure pathways and quantifies exposure for fish,
birds, and plants, There are a number of direct and Indirect pathways by '.
which wildlife can be exposed to the chenicals of concern at the Ambler
Asbestos site. Direct pathways would be direct contact or ingestion of
contaminated media such as soil, sediment, water, or air. Indirect pathways,
for the purposes of this assessment, are those In which an animal consumes
other previously contaminated organisms,

Exposure media and routes may differ between various organlsns due to their
physiological and behavioral differences, For example, fish nay be exposed to
contaminants directly via absorption of contaminated water and indirectly via
tngestlon of other previously contaminated organlsns. Likewise, duck species
rely on both aquatic animals (i.e., insects, crustacesns, and snails) and
plants for sone portion of their dietary intake. However, the percentage of
aninal food versus plant food in the diet differs from species to species
(e.g. blue winged teal consume approximately 301 aninal food, while mallards
consume approximately 20t aninal food, and wood ducks approximately 101 animal
food) (Martin ec al, 1951), Variables such as these must be considered in
sssesslng exposure to ecological receptors,

Some of the metals at the sice, Including copper, lead, and zinc, may
bloaccunulate to aone extent and therefore exposure via the food chain is
possible, Consequently, predators using the habitat around the Ambler
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Asbestos site exclusively nay potentially be at greatest risk because they may
be exposed both to contaminated biota and to contaminated drinking water,

6,6,4.1 Exposure of Fish/Aquatic Life

Fish and other aquatic life may be exposed to chemical contaminants at the
Ambler Asbestos site via contact with contaminated water and sediments and
ingestion of contaminated food, However, toxicity data are not available to
assess exposure via sediment and ingestion of contaminated food, and therefore
this exposure assessment is United to an assessment of exposure to
contaminated surface water,

The surface water at and near the site, consisting of the water contained In
the lagoon, the drainage ditches and other standing water, and Wissahickon
Creek, is potential habitat for both Invertebrate and vertebrate species,
However, Wissahickon Creek, the most likely habitat for aquatic life, was only
sanpled for asbestos, The lagoon surface water and standing surface water
bodies were also sampled for Inorganics, It is unlikely that aquatic life
exists in most of these other surface water bodies, Nevertheless, a
comparison will be made between available surface water concentrations and
ambient water quality criteria (AWQC) or, in the absence of AWQC, other
available toxicity Information, Risks to aquatic species in these surface
water bodies will be assessed using these concentrations,

6,6,4,2 Exposure of Birds

Birds may be exposed either directly or Indirectly to contaminants at the
Ambler Asbestos site. Direct pathways for birds Include ingestion of
contaminants in sedlnents or water, and direct contact with contaminated soil
or sediments, Some birds, such as belted kingfishers, build their nests by
burrowing Into the soil along river bluffs, road cuts, and other exposed bank
areas, Activities such as dust bathing also Increase exposure to contaminated
soil, Unfortunately, estimates of exposure via these pathways are not easily
quantified using available data,
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Intake from Ingestion of contaminated water could be estimated, but this '...f
pathway is not believed to contribute significantly to overall Intake relative
to Intake via food for nost contaminants, Therefor*, exposure to birds via
any of the direct pathways will not be quantified.

Birds may be exposed to chemicals indirectly by ingesting contaminated food.
Exposure via this pathway is the greatest In those species which consume food
Ituns which tend to bioaccunulate or bloconcentrate contaminants. For
exanple, many aquatic Invertebrates and fish are known to bioaccunulate sone
heavy netals and organic chenicals, Therefore this pathway nay be significant
for ducks which rely on aquatic invertebrates for a portion of the dietary
Intake, The belted kingfisher Is known to prey on fish and/or crustaceans,
Unfortunately, the available toxicity data are inadequate to assess exposure j
via this route, '

A large portion of the diet of smaller birds consists of Insects such aa I
grasshoppers and crickets. Hawks also may be exposed to contaminants via ^
food, as primary food sources for most hawks are rodents (e.g. field mice), >̂
Available data are not sufficient to estimate uptake and accumulation of
contaminants In Insects or rodents. Therefore, exposure of predatory birds i
will not be quantified,

Many duck species rely on aninal food (i.e., insects, crustaceans, and snails)
for sone portion of their dietary intake, although species vary somewhat in
the percentage of animal food In the diet,

6,6,4,3 Exposure of Mammals

Mammals may be exposed to contaminants at the Ambler Asbestos site via the
Ingestion of food, water, or soil or via direct contact with contaminated
media. For exanple, the raccoon and skunk are known to prey on small rabbits
and rodents and they may be exposed to chenicals that have accumulated in
these animals, Omnivorous or herbivorous manuals such as rabbits and nuakrats
could be exposed to chenicals of concern by Ingesting contaminated vegetation
such as grasses and other small land plants, These manuals nay also f*
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Inadvertently ingest contaminated soil while feeding, Direct contact of
contaminated soil could frequently occur among burrowing aninals, Skunks dig
and root in the soil while searching for Insects and grubs. Rabbits and
raccoons groom frequently and are likely to ingest contaminated soil while
grooming, Raccoons and muskrats prey on fish and crustaceans, Unfortunately,
data are not adequate to assess exposure via these pathways,

Terrestrial organlans using the surface water ac the Anbler Asbestos site as a
source of drinking water night also be exposed to chenicals of potential
concern. Unfortunately, toxicity data are not available to assess the
potential impacts to mammals drinking fron these waters,

6,6,4,4 Exposure of Plants

Plants may be exposed to contaminants In air, soil, and water, Surface water
runoff from contaminated areas may percolate inco plant root zones, and plants
nay then be exposed to these contaminants as they are taken up through the
roots, However, becauae phytotoxiclty data are limited, and plant uptake
values vary greatly from species to species, exposure via this pathway Is
difficult to quantify, Surface soil concentrations of chemicals of concern
sre sometimes used to provide an approximate neasure of potential Impacts to
plants In the area. However, at the Anbler Asbestos Site, no surface soil
data are available. Thus, due to the paucity of toxicity r"-ta and the lack of
relevant soil data, the potential Impacts Co plants cannot oe evaluated,

6.6.5 ECOLOGICAL RISK ASSESSMENT

The environmental receptors discussed in Section 6.6.2 may be exposed to
chemicals present in the area via surface water and soil, Because exposure of
wildlife to chemicals through these media Is noc easily quantified, the
following section consists of a qualitative assessment of the potential
hazards to wildlife that may exist at the Anbler Asbestos site, This
assessment is structured around the potential toxicicy of the indicator
chemicals and the selected potential receptors identified above.
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6,6,5,1 Riaka to Fish and Aquatic Life

Table 6*19 presents the comparison between maximum surface water
concentrations and the acute ambient water quality criteria (AUQC), and
between average surface water concentrations and the chronic AWQC. Of the six
chemicals with acute AWQC or toxicity values, all but nickel exceed the acute
criteria or values i,e. aluminum, copper, lead, silver, and zinc, Twelve out
of the fourteen chemicals have chronic AWQC or coxlclty values, Of these,
surface water concentrations are below chronic AWQC for only barium, calcium,
and nanganese. All concentrations of asbestos exceed the NOEL of 3 MF/liter
for growth effects (Belanger et al. 1986) by several orders of magnitude.
Copper and lead were not detected in lagoon surface water, and the standing
surface water concentrations are on the same order of magnitude as the
criteria. Iron and zinc are below or on the same order of magnitude as the
chronic toxicity value. Aluminum is an order of magnitude over the NOEL.

It should be noted that the surface water concencracions were obtained from '
standing water areas that are not likely to be suitable habitat for aquatic
life, .Ic should also be noted thac che aite-relatednesa of the inorgsnic (_)•
chemicals has not been established,

i
PAHS were detected in Wlaeahlckon Creek and drainageway sediments;
concentrations are presented in Table 6*7, The average and maximum • t
concentrations for total PAHs (carcinogenic and noncarcinoganic) are 21,060 '
and 44,100 ug/kg, or 21.1 and 44,1 mg/kg, respectively, These values exceed
the range of levels of 2 to 12 mg/kg mentioned earlier, and thus adverse
effects may occur to aquatic life as a result of the PAH concentrations In the
sediments,

I

6,6,5,2 Rlaki to Blrdi nn.ll HlUfflliil '

The possible exposure pathways for birds and mammals have been discussed
earlier. Unfortunately, it is not possible to quantify the potential risks
sssociated wtlh exposure of these animals to chemicals of concern. Asbestos
is the chemit.l of greatest interest because of its site relatedness; however,
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data concerning the effects of asbestos are unavailable. Oral exposure does
not pose as great a threat to humans as does Inhalation of asbestos fibers; (j)
the same may be true for wildlife species,

6.6,5,3 Rlaka co Planca

Estimates of risks to planes at the site are difficult to make because
toxicity data are United and plant toxicity varies greatly from species co
species. Contaminants in subsurface soils nay pose a threat to those plant
species whose root zones extend down to those depths; such as trees, shrubs
and other deeply rooted plants. Contaminants in surface soil are likely to
pose the greatest threat to grasses and other forms of vegetation with i
relatively shallow root zones; conversely, larger forms such as trees nay be
unaffected by contaminants in surface soil. Runoff from contaminated areas !
nay percolate through soil Into plant root zones, and plants nay then be
exposed to these contaminants as they are taken up through the roots. Thus .
the vegetation nay potentially be adversely affected by contaminants at the f
site.

Q
6.7 DISCUSSION OF UNCERTAINTIES

All risk assessments involve the use of assumptions, judgement, and Imperfect
data to varying degrees, This results in uncertainty in the final estimates ,
of risk, In the Anbler EA, there are additional sources of uncertainty
associated with asbestos measurement and risk quantification, Uncertainty in
a risk assessment nay arise fron many sources Including:

0 Environmental chemistry sampling and analysis;

0 Mlsi-VjntUlcatlon or failure to ba all-inclusive in hazard
identification;

0 Choice of models and input parameters In exposure assessment and fate
and transport modeling;

0 Choice of nodels or evaluation of toxicological data In dose-response
quantification; and
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<P 0 Assumptions concerning exposure scenarios and population
distributions,

Uncertainty nay be magnified In the assessment through a combination of these
sources,

In risk assessments in which considerable uncertainty is anticipated, a
technique commonly employed to compensate for uncertainty is to bias the
assessment in the direction of overestinatlon of risk, This is often termed a
"worst case" or "conservative" analysis, The net effect of combining numerous
conservative assumptions is that the final estimates of risk nay be greatly
overestimated,

Environmental chemistry sampling and analysis error can sten from the error
inherent in the procedures, from a failure to take an adequte number of
samples to arrive at sufficient areal resolution, from mistakes on the part of
the sampler, or from the heterogeneity of the matrix being sampled, One of
the most effective ways of minimizing procedural or systematic error is to
subject Che data to a strict quality control review. Even with all data
rigorously quality assured, however, there is still error Inherent in all
analytical procedures, and it is still not possible to definitively determine
if the sanple is truly representative of site conditions. Because of the
conplex nature of asbestos, accurate neasurements of asbestos concentrations
in the environment are difficult to achieve and as a result sanpling and
analysis errors are particularly Important sources of potential uncertainty in
this EA, Additional sources of uncertainty include transforming asbestos
concentrations in soil, reported on an area percent basis, to mass-based
concentrations, For the purposes of this EA, it was assumed that areal -
weight!,

The absence of environmental parameter measurement also contributes to
uncertainty, Lack of site-specific neasurenents requires that estimates must
be based on literature values, regression equations, extrapolations, and/or
best professional Judgement, Modeling errors can sten from a lack of
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validation or verification of the models, Typically an order of magnitude ,-K
result is considered to be satisfactory for most conplex modeling scenarios, '"'

In almost all risk assessments, the largest source of uncertainty Is in
critical toxicity values (RfDs and cancer potency factors), and these
uncertainties may significantly affect the magnitude of the risk estimates
presented in an EA. Health criteria for evaluating long-term exposures such
as RfDs or cancer potency factors are based on concepts and assumptions which
bias an evaluation in the direction of overestlmatlon of health risk, USEFA
noted in its Guidelines for Carcinogenic Risk Assessment (USEFA 1986a): '

There are najor uncertainties In extrapolating both from animals to humans
and from high to low doses, There are Important species differences In
uptake, metabolism, and organ distribution of carcinogens, as well as
species and strain differences in target site susceptibility, Human
populations are variable with respect to geometric constitution, diet,
occupational and hone environment, activity patterns, and other cultural
factors,

These uncertainties are compensated for by using upper bounds for cancer :
potency factors for carcinogens and safety factors for reference doses for
noncarclnogens, At best, the assumptions used in an EA provide a rough but Q
plausible estinate of the upper linit of risk, i.e., It is not likely that the
true risk would be nuch more than the estimated risk, but it could very well
be considerably lower, even approaching zero, '

In addition, there are varying degrees of confidence in the' /eight of evidence |
for carcinogenicity of a given chemical, USEFA's (1986a) welght-of-evldence
classification provides Information which can indicate the level of confidence i
or uncertainty in the data obtained from studies in humans or experimental
animals, Some of the uncertainties In the hazard evaluation are further
compensated for by assuming that aninal carcinogens behave as human :
carcinogens, The summation of the risks associated with all potential
carcinogens tends to overestimate risk by Including probable human carcinogens
(Group B) with demonstrated human carcinogens (Group A),

For asbestos, In particular, there are important uncertainties associated with
the toxicity criteria used to quantify human health risks, For the purposes
of this EA, the unit risk factor developed by the USEPA (from which the MCLG
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/T\ was derived) was converted from a fiber-based number to a mass-based cancer
' potency factor, A conversion factor representing the fiber count per mass

observed in the bloassay from which the unit risk factor was derived was used,
This conversion factor, however, may not reflect the actual fiber count per
mass observed In sanples collected from surface water, soil or sediment at tho
Anbler site,

Probably the major source of error In asbestos risk assessment Is evaluation
of risks associated with Ingestion, It should be kept in mind that only
benign tumors were associated with Ingestion of asbestos by the experimental
animals in che bloassay which was the basis of the cancer potency factor.
USEFA guidance (USEPA 1986a) for carcinogenic risk assessment does allow for
Inclusion of benign neoplasns, however, this could significantly overestlnate
risk,

( There are also inherent uncertainties in determining the exposure parameters
that are conblned with toxlcologlcal infornatlon to astlnate risk. For

s~\ exanple, there are uncertainties regarding assumptions In estinating the
likelihood than an individual would cone into contact with containlnants
originating at the site (e.g., the frequency of exposure estlnates used for
the surface water, soil and sedlnent Ingestion pathways), the concentration of
chenicals In the environmental medium of concern, and the period of time over
which such exposures would occur (e,g,, assuming children fron ,-11 years
would be nose likely to repeatedly play In areas containing site-related
chemicals), In general, conservative assumptions were made In estimating
exposure point concentrations and estimating chemical Intakes.

All of these Individual sources of error nay be propagated into larger errors
by mathematical combination in the risk assessment, For purposes of
evaluating remedial alternatives under Superfund, however, risk assessment
provides a nethod to compare risks associated with various exposure routes,
and this information can then be used to determine if and how remedial actions
should be taken,

O
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6,8 SUMMARY AND CONCLUSIONS .—

The Ambler Aabestos site is currently the subject of a Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA) Renedial
Investigation/Feasibility Study (RI/FS) and is classified as an enforcement
site, In cases where enforcement actions nay be taken under Section 106(a) of
CERCLA, the U.S. Environmental Protection Agency (USEFA) Is required by the
National Contingency Plan (NCP) to undertake an Endangernent Assessment (EA)
to properly document and justify its assertion that "an Imminent and
substantial endangement to the public health or welfare or the environment"
resulting fron "an actual or threatened release of a hazardous substance" may
exist. This EA addresses the potential hunan health and environmental Impacts
associated with the Ambler site under the no-action alternative, that is, In
the absence of remedial (corrective) action.

The results of sanpling performed during che Remedial Investigation (RI) in
soil, surface water, sedlnent, and air were reviewed to identify chenicals to
be evaluated In this Endangerment Assessment, Chemicals were selected for _.
detailed evaluation If they were present In environmental media at ^
concencracions above background concencracions and/or could be relaced to past
disposal practices at the site, The chemicals that were selected (see Table |
6*8) consisted of asbestos, the primary chemical of concern at the Ambler alte
(detected in all sampled environmental media), twelve Inorganic chenicals, I
mosc of which were detected in surface water, and two categories of polycyclic
aromatic hydrocarbons (PAHs), noncarcinogenic PAHs and carcinogenic PAHs. i
Among the selected chemicals, adequate toxicity values for use in a
quantitative risk assessment were not available for five of the selected
inorganics (alunlnun, calcium, Iron, nmguoiiua and potassium). These
chemicals were not, therefore evaluated in this Endangerment Assessnent:.
Available data, however, indicate that these chenicals are of relatively low
toxicicy via the oral route conpared co the other chenicals evaluated and nose
are also essential hunan nutrients,

U
6-94

J1K300565
I{ the page, filmed in thit frame it not at teadable .ot legible at thl< -• »
label, It 4,4 due to tubttandand colon on condition o{ the otlglnal page.



6,8,1 HUMAN HEALTH RISK ASSESSMENT

Pathways through which individuals nay be exposed to chemicals at and fron the
Ambler site were reviewed and those pathways most likely to be of concern to
human health were identified for further analysis, The nost Important
potential human pathways of exposure for the Ambler site that were evaluated
were:

0 Inhalation of asbestos In ambient air;
0 Inhalation of asbestos during certain activities which stir up

asbestos;
0 Incidental ingestion of chenicals in surface water;
0 Incidental ingestion of chemicals in soil; and
0 Incidental ingestion of chemicals in sediment,

Under present site and land use conditions, the potentially exposed
populations include residents living In the Anbler site area, individuals who
work in the site area, and individuals who regularly visit che area (such as
those using the Wissahickon Watershed Association facility), In the future,
assuming no further remediation actions are taken at the site, additional
residences or commercial facilities could be built adjacent to the site,
Given the Inherent instability of the Locust Street and Plant Piles it would
be infeaslble to build structures on then, However, other nearby on-site
industrial construction or activities could potentially affect the piles and
Increase exposed areas of asbestos and migration of asbestos fron the site,

Risks fron the pathways listed above were characterized by first comparing
concentrations of chemicals in the sampled environmental nedia to Applicable
or Relevant and Appropriate Requirenents (ARARs) identified for the Anbler
site, Because ARARs were not available for all of the selected chemicals In
all of the sampled environmental media, a quantitative risk characterization
was also conducted, In this evaluation, estlnates of potential chenlcal
intakes through each pathway identified for evaluation were combined with the
chemical-specific toxicity values to predict potential risks associated with
the Ambler site, For each pathway, an exposure scenario was developed based
on assumptions about the environmental behavior and transport of the potential
chemicals of concern, and the extent, frequency, and duration of exposures,
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These factors were used to predict potential exposures to the sec of selected
chentcala for both an average and a maximum plausible exposure case, C. p
For noncarclnogens, results are presented as the ratio of the chronic dally
Intake (CDI) of each chenlcal to Its reference dose (RfD), and aa the hazard
index, which is the sun of the CDI:RfD ratios for each chemical. If the
hazard index exceeds one, health hazards might result from such exposures, In
the case of carcinogens, che excess upper bound lifetime cancer risk was
estimated; this risk is expressed as a probability, A risk of 1x10"6, for
example, represents che probability that an individual will develop cancer as
a result of exposure to a carcinogenic, chemical over a 70-year lifetime,
USEFA has suggested developing remedial alternatives for cleanup of Superfund
sices for total excess lifetine cancer risks from 10'7 to 10"4,

For asbestos, based on the comparison to ARARs, it was concluded thac under I
present site use conditions the "no visible emissions" criteria for asbestos
developed under the U.S. Clean Air Act (a relevant ARAR) Is not currently j
being exceeded, In the future, however, Increased erosion and weathering of
the piles could Increase the potential for visible asbestos emissions, In
addition, exceedance of this asbestos ARAR would likely occur if the site were (J)i
disturbed by vehicular activities. Such activities would most likely occur as
part of a remedial action Involving removal of asbestos-contaminated soil fron
che sice. In addition, concentrations of asbestos measured in surface water
exceeded two ARARs, the Ambient Water Quality Criterion for the protection of
human health and the proposed KCLG for asbestos.

Comparison of concentrations of other chenicals in surface water at and near
che sice with ARARs developed for drinking water sources indicates that
concencracions of selected chemicals In lagoon surface water did not exceed
ARARs. The maximum concentration of lead, nanganese, and nickel exceeded
ARARs, although if geometric mean concentrations are considered only manganese
exceeded an ARAR, It should be noted that this comparison was conservative In
that none of these surface water bodies are being used or are planned to be
used as drinking water sources,
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Potential human health risks associated with inhalation of asbestos from
( ) ambient air were not quantitatively evaluated in the EA, however, it was

concluded that potential releases of asbestos to ambient air fron the Ambler
alte may occur due to the existence of exposed areas containing asbestos which
could be disturbed, It was further concluded that potential human health
risks to on-site workers and nearby residents may be associated with releases
of asbestos fron such exposed areas at the site into ambient air,

Potential asbestos inhalation exposures during specific types of actlvicies
chat can stir up asbestos fibers, such as children playing In soil on the
piles, were also qualitatively evaluated, Under present site use conditions
at the Ambler site, activities chat could stir up asbestos fibers Include
playing and hiking on the piles by children and outdoor tasks conducted by
workers employed in the site area (e,g,, employees at the Nicolet plant), It
was concluded chat these and other activities could continue to occur in the
absence of site renedlation (i.e., under the no-action alternative), Among

' aubpopulations who may repeatedly engage in these types of activities,
cumulative asbestos exposures of concern to human health could potentially

''̂J result,

Quantitative risks were estimated for the renainlng exposure pathways. The
results are summarized by pathway in Table 6-20 for both noncarcinogenic and
potentially carcinogenic chemicals,

Risks associated with incidental ingescion of surface water by children
playing in Wissahickon Creek, dralnageways and standing surface water were
evaluated for selected chemicals (asbestos and seven inorganic chemicals),
The excess lifetine csncer risks for asbescos ware estinated for three
separate areas, Wissahickon Creek, dralnageways and standing surface water
off-site behind the piles, and dralnageways near the Maple Avenue piles
(upstream of the Anbler site), The cancer risks ranged fron 3x10"' for the
average case to 7x10'" for the maximum plausible case, It should be noted
that there are several sources of asbestos In Wissahickon Creek (e.g., the
Ambler site and the Maple Avenue piles) and thus risks associated with
ingestion of asbestos from Wissahickon Creek cannot be attributed solely to

U
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TABLE 6-20

SUMMARY OF POTENTIAL RISKS ASSOCIATED WITH EXPOSURE PATHWAYS
QUANTITATIVELY EVALUATED FOR THE AMBLER ASBESTOS SITE

Exposure
Pathway

Ingestion of surface water0

• Wissahickon Creek
• Dralnageways and standing
surface water

• Near Maple Avenue piles

Ingestion of on-slte soil

Ingestion of sediment from
dralnageways and standing
surface water

Hazard

Average
Case

NS

<1
NS

NS

<1

Index*

Maximum
Plausible
Case

NS

<1
NS

NS

<1

Excess Upper Bound
Lifetime Cancer Riskb

Average
Case

3xlO'9

5xlO'»
3x10' 8

IxlO'6

4xW8

Maximum
Plausible

Case

IxW8

3x10 '8
7xW8

6xW5

3xlO'6 £

NS • Chenicals other than asbestos were not sanpled for In these areas.

* The hazard Index indicates whether or not exposures to mixtures of noncarcinogenic
chemicals may result In adverse health effects. A hazard Index less than one
indicates that adverse human health effects are unlikely Co occur.

b The excess upper bound lifetine cancer risk represents the additional probability that
an Individual may develop cancer over a 70-year lifetime as a result of the specific
exposure conditions evaluated,

0 The only carcinogenic chemical detected In surface water samples was asbestos and thus
the listed risks sre associated solely with aabeatos Ingesclon from surface water.
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/*••, the Ambler site, Among the other chenicals selected for evaluation in this
risk assessment, only Inorganics were detected in standing surface water and
drainageways, All of these inorganic chemicals are noncarclnogens for which
the USEPA has developed reference doses (RfDs), All of the chemical-specific
CDI:RfD ratios for the detected Inorganics were well below one as was the
hazard Index (the sun of all the chemical-specific ratios), indicating that
noncarcinogenic effects would not occur fron this exposure pathway.

Risks associated with incidental ingestion of chenicals present In on-slte
soil by children were evaluated for those chenicals detected in surface soil
sanples (asbestos fron zero to four feat and PAHs from four to seven feet),j

• For the noncarcinogenic PAHs, the ratio of the CDI to the RfD was well below
one, indicating that adverse noncarcinogenic human health effects would not

i occur, The total excess lifetine cancer risks were estimated to range fron
1x10 for the average case to 6x10 for the maximum plausible case; both

i risks were basically associated with Ingestion of asbestos, It is Important
to recognized the complexity Involved In estinatlng cancer risks for

;,.- incidental Ingestion of asbestos present in soil, This is because the USEPA
'—- (1985c) has developed a unit risk factor for exposure to asbestos in surface

water only and not for exposure to asbestos from other environmental media
where concentrations nay be reported on a mass (not fiber) basis. In order to
quantify risks associated with incidental Ingestion of asbestos In soil, the
USEPA unit risk factor was converted Into a nasa-baaed potency factor, Based
on this conversion, the excess lifetime cancer risks for Incidental ingestion
of asbestos from soil were estimated co be 1x10"' for the average case and
6x10"5 for the maximum plausible case. Because of the uncertainty Inherent In
converting from a fiber-based unit risk factor to a mass-based potency factor,
the uncertainty associated with risks related to exposure to asbestos through
this pathway may exceed an order of magnitude uncertainty, Additional
uncertainty Is added by the fact that only benign tumors were noted in the
bloessay which is the basis of the potency factor,

Exposures and risks associated with Incidental Ingestion of sediment were
evaluated for children who may play In the Wissahickon Creek area,
dralnageways, or standing surface water pools, The selected chemicals that
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were detected were copper and PAHs; these chemicals were detected in
drainageway sediments, Asbestos was not detected In drainageway or creek
sediments although It was detected near the Maple Avenue piles, The CDI;RfD
ratios for copper and noncarcinogenic PAHs and ths hazard index were well
below one indicating that adverse noncarcinogenic effects through this pathway
would not occur. For exposure to carcinogenic PAHs In sediments, the excess
lifetine cancer risks were estimated to range fron 4xlO"8 for thn average case
scenario to 3 x 10*' for the plausible maximum case scenario, The source of
the PAHs cannot be attributed solely to the Anbler site,

6,8,2 ECOLOGICAL RISK ASSESSMENT

The following pathways by which environmental receptors at and near the Ambler
Asbestos site could be potentially exposed to contaminants originating at the
site were considered:

o Contact with and Ingestion of water by aquatic life in Wissahickon
Creek, and drainage ditches feeding into the creek and other surface
water;

o Direct contact with and Ingestion of soil by birds and mammals when
preening, grooming, or foraging for food;

o Ingestion of prey by birds and mammals; •

o Ingestion of surface watar by birds and mammals; and

o Uptake of contaminated soil by plants,

Based on a qualitative assessment of che potential impacts of the above
exposures, the following conclusions were reached, First, the presence of
asbestos in the water at Wissahickon Creek and the presence of PAHs in the
sediments could produce adverse effects in exposed aquatic life, Asbestos may
Interfere with plasma membrane function, I.e. transfer of oxygen across the
gill nembranas. Long-term exposure of aquatic species co PAHs may result in
tumor development,

In addition, Ingestion of surface water by birds and mammals may also pose a
threat due to the presence of asbestos. Contact with contaminated soils nay
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(~\ result In adverse effects to sone ecological receptors, especially to those
burrowing Into the soil on the waste piles,

6.8,3 UNCERTAINTIES

It is inportant to recognize that the assessnent of risks presented in this
Endangernent Assessnent are characterized by uncertainty. There are many
sources of uncertainty In the EA which nay be nagnified through their
combination. To compensate for this uncertainty, conservative assumptions
have been nade throughout the EA. The net effect of conblning numerous
conservative assumptions Is that the final estlnates of risk may be greatly
overestimated,

A major source of uncertainty in this EA involves environmental sanpling and
analysis of asbestos, Because of the conplex nature of asbestos, accurate
measurements of asbestos concentrations In the environment are difficult to
achieve. Additional sources of uncertainty Include transforming asbestos

S~̂ < concentrations in soil, reported on an area percent basis, to mass-based
vV concentrations ,

In almost all risk assessments, the largest source of uncertainty is in
critical toxicity values (RfDs and cancer potency factors) , and these

.' uncertainties nay significantly affect the magnitude of the risk estimates
presented, For asbestos, in particular, there are Important uncertainties

i associated with the toxicicy criteria used to quantify human health risks,
Probably the major source o'f rrror In asbestos risk assessnent is evaluation
of risks associated with ingestion, It should be kept In mind that only
benign tunors were associated with ingestion of asbestos by the experimental
animals in the bloassay which was the bssls of the cancer potency factor,
USEPA (19B6a) guidance for carcinogenic risk assessment does allow for
inclusion of benign neoplasms, however, this could significantly overestimate
risk,

All of these individual sources of error nay be propagated into larger errors
by nathenatlcal combination In the risk assessment, For purposes of
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evaluating renedial alternatives under Superfund, however, risk assessment
provides a method to compare risks associated with various exposure routes,
and this information can then be used to determine If and how renedial actions
should be taken.
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(P) ' 1,0 EXECUTIVE SUMMARY

Health risks associated with environmental exposure to ambient asbestos fibers
are of potential concern because of reported adverse effects from occupational
exposure and because asbestos, as well as other mineral and synthetic particles
with similar properties, la present In the environment. This toxicity profile
on asbestos reviews available asbestos studies and regulatory support documents
to develop a set of recommended health criteria for exposure to asbestos via
inhalation and Ingestion. Major findings and recommendations are as follows:

e The most significant route of exposure to asbestos fibers Is usually
via inhalation. Additionally, Ingestion of asbestos can occur either

: directly (e.g., drinking water) or indirectly following inhalation,

• Although Identification of the biologically active components (e.g.,
fractions characterized by length, diameter, or aspect ratio) of

{ asbestos have noc been conclusively defined, there is evidence that Che
•osc biologically active fibers are those with length >5 microns and

. aspect ratio >3, Shorter fibers, however, also appesr to contribute to
, ' health Impacts, To adequately characterize asbestos concentrations,
s-x transmission electron microscopy (TEM) Is recommended. Comparison with

existing health studies for which measurements were made by other
j methods requires careful consideration of conversion factors,

e Generally, concentrations In anblenc air are reporced as fibers per
unit volume (f/ml) or fiber mass per unit volume (pg/or); reported

: concentrations are usually linked to fibers >5 microns in length and/or
with certain microscopic characteristics.

• Assessment of exposure is complicated by uncertainties in current
measurement techniques, as well as in the conversion factors among the
measures of concentration obtained by various methods,

• For measurement of asbestos at hazardous waste sites, it is Important
that che analytical method used be sensitive, rapid, able to
differentiate between asbestos and nonasbeotos fibers, snd be cost-
effective,

• The carcinogenicity of asbestos following Inhalation has been clearly
established In humans and experimental animals, In humans, such
evidence comes from occupatlonally exposed individuals, Inhalation
exposure to asbestos can result in both lung cancer and mesothelloma,

• The carcinogenicity of asbestos following Ingestion has not been
' conclusively demonstrated by dlrecc scudles; however, Increases In
i j gastrointestinal cancer in a number of cohorts of occupatlonally
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exposed workers strongly suggest a link between Inhalation and
subsequent ingestion and the Increased incidence of benign polyps In
rats following oral Ingestion provides "limited" evidence of
carcinogenicity.

The primary noncarcinogenic health effect of asbestos is asbestosis, a
chronic lung disease associated with functional disabilities and early
mortality, Development of asbestosis is associated only with
high-level occupational exposure, For lower-level environmental
exposure, cancer Is considered a more appropriate end point for
criteria development than asbescosis,

Health criteria are developed for exposure to asbestos via Inhalation
based on a recent Airborne Asbestos Health Assessment Updace (EPA -"
1986), The major uncertainties associated with developing health
criteria for exposure to asbestos via Inhalation Include:
(1) uncertainty associated with extrapolation from high occupational
levels to much lower ambient levels, (2) difficulties assoclatsd with
converting between results of different methods of measurement, and
(3) questions Involving the relevsnce of extrapolating dose-response
data that may be based on different mlneraloglc and physical forms,

Heelth criteria are.developed for exposure Co asbestos via Ingestion
based on an EPA (1985a) Drinking Water Criteria Document. This risk
assessment was used by EPA as che basis for che drinking water proposed
maximum contaminant level goal (MCLG), The major uncertainties
associated with developing health criteria for exposure Co asbestos via
Ingestion Include: (1) lick of adequaci dose-response data from human
populations exposed via Ingestion (2) uncertainty associated with
converting from an Inhalation risk to an Ingestion risk, (3) the basis
for the MCLG being an DTP ingestion study in which fibers >10 microns
in length Induced benign tumors, and (4) reconciliation between
exposure criteria developed by different methods (I.e., NRC I983b
approach vs. EPA 1985a approach).

O
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(f"") • 2.0 INTRODUCTION

Asbestos is a generic tern referring to a family of naturally occurring
hydrated silicates having a fibrous crystalline structure, Only six fibrous

i silicates are defined as asbestos fibers, and these fibers are classified under
two basic mineral types, serpentine and amphlbole. Chrysotile fibers belong to
the serpentine group; actlnolite, Cunningtonlte-grunerlte or amosite,
anthophylllte, crocidolite, and tremollte fibers belong to the amphlbole group,
Chyrsotlle fibers are conposed of fibrils that are banded together, Each
fibril is actually a rolled sheet of magnesium oxide-hydroxide octahedra bonded
co a layer of silicon dioxide tetrahedra, Amphlbole fibers consist of double
chains of silicon-oxygen tetrahedra lying parallel to the vertical
crystallographic axis and bound laterally by metallic ions (Sellkoff and Lee
1978), Asbestos fibers are widely used for their high tensile strength and

j flexibility and for their noncombustlble, nonconducting, and chemical-resistant
properties, Chrysotile, amosite, anthophylllte, and crocidolite are of primary

f~*} commercial importance, and therefore, most data exist for these fiber types,

• Several of the physical and chemical properties of asbestlforn fibers appear to
be associated with causing adverse health effects, Longer, thinner fibers
appear to be more pathogenic than shorter, thicker fibers. This particular

f fiber characteristic can be expressed quantitatively as the at-act ratio (i.e.,
the ratio of fiber length to fiber diameter). Other fiber characteristics that
may be significant in pathogenlciey Include resplrablllty (behavior of the
fiber In the lung), durability, surface area, and surface chemistry, Health
effects also appear better correlated with total fiber number than with
asbertos mess, although limitations in the analytical techniques used to
quantify asbestos concentrations color this observation,

This profile presents an assessment of health risks posed to the general
population by low concencracions of asbescos. presenc in che environment, The
primary effects associated with exposure to asbestos are cancer (specifically
lung cancer and mesothelloma) and asbestosis, which is characterized by

- flbrosis of che lung parenchyma, However, asbescosls is primarily observed In

AR3DG808
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occupatlonally exposed individuals following long-term exposure to high levels s-\
of asbestos. Because the potential risk of cancer is more significant chan che
potential risk of asbestosis for the general population exposed to asbestos In
the environment, cancer Is the primary health effect discussed in this profile,
A qualitative description of ecotoxlclty is also included in the profile. The
assassnent of human health or environmental risk Is based on the analysis of a
numbsr of authoritative reviews and regulatory support documents which have
analyzed available asbestos studies, presented risk assessments, and/or
recommended health risk criteria. These include the Airborne Asbestos Health
Assessment Update (EPA 1986); Occupational Exposure to Asbestos, Tremollte,
Anthophylllte, and Actlnollte (OSHA 1986); Health Effects of Asbestos (CDHS
1986); Drinking Water Criteria Document for Asbestos (EPA 1985a); Asbestlform j
Fibers- -Nonoccupatlonal Health Risks (NRC 1984); Drinking Water and Health (NRC
1983b); Chronic Hazard Advisory Panel on Asbestos (CPSC 1983); Summary Workshop
on Ingested Asbestos (EPA 1982); Assessment of Risks Posed by Exposure to Low
Levels of Asbestos In the General Environment (Schneiderman et al. 1981); and I
the Ambient Wacer Quality Criteria for Asbestos (EPA 1980), '

The profile is organized in eight major sections, Sections 1,0 and 2.0 contain '
the Executive Summary and Introduction, respectively. In Section 3.0, the
primary routes of asbestos exposure in humans, inhalation and Ingestion, are ]
examined; the techniques used for Che sampling and analyzing asbestos In the
environment are discussed and evaluated; and estimates of environmental
asbestos levels are presented. Section 4.0 contain* a review of the
carcinogenic and noncarcinogenic human health effects associated with
occupational and environmental asbestos exposure. The results of studies
conducted on animals experimentally exposed to asbestos are discussed in
Section 5.0, Secelon 6.0 Is a discussion of che appllcablicy of quantitative
health criteria for asbestos Inhalation and Ingescion; a summary of recommended
and available health criteria are presented in tabular form In Section 7,0,
Secelon 8,0 presents che ecotoxlcologlcal effects associated with aiibestos in
the environment,

2-2
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o 3.0 ESTIMATES OF EXPOSURE

There are a number of different pathways by which asbestos can be released from
a source and transported to points of potential exposure, Two of the most
Important pathways Include (1) suspension in ambient air and subsequent
airborne transport to exposure points followed by inhalation or Inadvertent
Ingestion, and (2) release to water and subsequent aquatic transport to
exposure points followed by Ingestion, Potential receptors at environmental
exposure points Include humans and other local biota,

In humans, the primary route of exposure to asbestos fibers in air Is via
Inhalation. Some of the Inhaled fibers also can be translocated to the
gastrointestinal tract by airway clearance mechanisms, and other fibers can be
translocated to che pleural and peritoneal cavities by lymphatic drainage,
Inhalation exposure can fall inco che following four categories:
(1) occupational, (2) community (near known sources), (3) consumer (use of
manufactured produces), and (4) general environmental, Because the highest
asbestos exposures have bten reported for relatively well-defined workplace
populations, occupational exposure data are nost'frequently used in health
hazard assessments for Inhalation,

Ingestion is another potential route of exposure, Ingestion of asbestos can
occur directly through the consumption of contaminated water, food, beverages,
or soil, or Ingestion can occur Indirectly following Inhalation of fibers
because thn exposed person can swallow nasal and bronchial secretions
containing Inhaled asbescos fibers,

The proper characterization of asbestos exposures requires structural and
chemical Informaclon In addition to quantifying the concentration of fibers.
Because of the variability In the characteristic properties of asbestos fibers,
their detection and identification can often be difficult, Several methods
have been developed for the Identification and quantification of asbestos in
air, water, and biological materials, Generally, asbestos concentrations are
expressed as fibers per unit volume (f/ml) or fiber mass per unit volume
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(/ig/n3), and such concentrations are frequently linked to a particular fiber (]
dimension (e.g., all fibers longer than 5 nlcrons) and/or a particular
measurement technique, Ic is necessary that the fiber characteristics examined
reflect the fiber characteristics that Influence fiber disposition and
occurrence of human disease, Note that results of fiber counts from different
analytical techniques will not necessarily agree because of Inherent
differences in methodologies (e,g,, microscopic resolution and preparation
techniques). Therefore, careful consideration must be given to conversion
factors In comparing results from different studies using different techniques,

3.1 IDENTIFICATION OF BIOLOGICALLY ACTIVE FRACTIONS

It is Important that the sampling and analytical techniques used to ,
characterize asbestos levels in the environment consider the fiber '
characteristics that Influence fiber disposition and the occurrence of human
disease, These factors Include fiber length, fiber diameter, aspect ratio (
(ratio of length to diameter), fiber number, stability of fibers in vivo.
surface chemistry of che fiber, interactions between fiber and cell surfaces, Q |
fiber transloeatlon and migraclon, overall fiber dose, and fiber type
(Schneiderman et al, 1981, OSHA 1986). One of the difficulties in estimating :
asbestos exposure is that available Information concerning the diapositlon of
fibers following Inhalation or Ingescton is United because of the difficulties
Involved in Che assay of biological clssues for che substance,

3.1.1 INHALATION

Once in the body, Inhaled asbestos may be removed from the ciliated airways by
the nucoclliary escalator. Asbestos fibers deposited in the lung parenchyma
can be phagocytized by lung nacrophages and then transported to the mucocillary
escalator or co the lymphatic system where the fibers may be transported to
sites throughout the body, Asbestos fibers may also be taken up by type I
pneumocytes and may then be translocated co basement membrane, incersclcial
cells, and connective tissue within Che lung (Brady and Hill 1981), This
process reportedly Is more common for fibers longer than the diameter of
alveolar macrophage* (>12 microns) (Llppnann ec al. 1980). /••••>
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In addition, two other pulmonary mechanisms may protect against aabeitos
toxicity, formation of asbestos bodies and long-term In stcu fiber degradation.
Approximately 10*30* of asbestos fibers retained in hunan lung* bacone coated
with himoslderin and mucopolyaaccharlds to form yellow-to-brown structure*

, called esbeatos bodies (Schneiderman et al. 1981). Asbestos bodies are
believed to be created by lung macrophages and appear to exert a protective
effect against fIbrosls (Morgan and Seaton 1984), In atcu fiber degradation
appears to be effective primarily for chrysotile asbestos. Chrysotile has a
tendency to partially dissolve In weakly acidic solution*, which can facilitate
clearance from the lung (Morgan and Seaton 1984), The effect* of asbestos

' fibers and asbestos bodies are not United to one target organ; they have been
. found In almost every excrapulmonary tissue,
i

The length of asbestos fiber* appears to play an Important part in determining
i biological activity. The predominant fibers found In Che lung parenchyma and

In excrapulmonary organs are chose shorter than 5 microns In length. However,
f~̂ , In case of asbestoils, perlbronchlal and perlvascular lesion* generally contain
*iX-r«*̂ both long and ihort fibers, Current data Indicate that both long and short

fibers may be biologically active to some excenc and are suspect in producing
human disease (Schneiderman ec al. 1981). Ic has been suggested that the
biological activity of longer fiber* (75 pm) may b* due to the inability of

| macrophages to completely engulf Che fiber. Damage of che macrophage cellular
membrane may cause a loss of macrophage mobility and lead to release of
lysosomal enzymes and oxygen free-radicals from the macrophage, which in turn
may damage alveolar epithelial cells and initiate flbrosls, In addition, the
longer fiber* may disrupt eh* normal proliferation and differentiation of lung
fibroblaat* either as a result of interacting directly with the flbroblasc or
as a result of macrophage secretion* (CDHS 1986, OSHA 1986). It ha* been
suggested that fibers less than 5 microns In lungch may be completely
phagocyclzed in vivo, whereas chose longer than 25 microns generally are not,
Those fiber* in the Intermediate range may be only partially phagocytized or
may cause thinning of the phagosomal membrane (Langer et al, 1974), Short
fibers tend to be translocated more readily than long fibers and shouldt

O
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therefore 'be expected to lodge in organ* other thin the lungs (Schneiderman et jO
al, 1981),

The diameter of asbeito* fiber* alio affects biological activity, The
diameters considered most Important in disease development range from
0.5*2.5 micron* (Langer et al. 1974). When compared with "thin" fiber*,
"thick" (and long) fiber* tend to produce less biological response, Reduction
In fiber diameter tend* to reflect an Increase In particle number and lurfac*
are* per unit man of material. Based on these observation*, when evaluating
environmental sample*, any fiber* having dlaaeters under several microns should
be considered to be potentially active biologically (Langer et al, 1974),

Besed on a review of a number of animal studies, OSHA (1986) concluded that a
"clear relationship" exist* between fiber dlmenilon and disease potential,
They noted chat thin fiber* (diameter <0.25 microns) with an aspect ratio of
"at lease" 3:1 and a length greater than 5 micron* are more closely associated |
with elevated Incidences of cancer and lung fibroii* then fiber* of other
dimensions, They suggest chat such findings are conslscent wlch current /"> j
knowledge regarding lung clearance mechanism* (i,*,, that shorter fiber* ar* '
•ore easily phagocytized and removed from che lung tissue than longer fibers), .
Because of their occupational health significance, fiber* with these dimensions '
ar* often referred to as NIOSH fibers, ?

In a study by Stanton ee al, (1981), che effect* of various size* of flbrou*
material*, including many form* of aibeitos, on the pleura of rats was '
investigated. Some fibrous glasses and all asbestos fiber type* investigated
produced malignant tumors, The moic carcinogenic fibers were 0,25 microns or
less in diameter snd were greater than 8 nicrone In length. Fiber* 1*** than 8
micron* in length appeared eo be phagocyclced. Fibers chat were 1.5 microns or
less in diameter and longer than 4 micron* (aspect raelo £ 3) also showed a
high correlaclon with carclnogenlclcy. Although che mechanism* of
asbestos-induced carcinogenicity are not well characterized, ehere does appear
co be general agreement in che literature on the "Stancon Hypothesis"—chat
longer, thinner fibers are likely to be more carcinogenic than shorter and/or
chicker fibers (CDHS 1986, Scanton et al. 1981).
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Although the "Stanton hypothesis" appears to have been generally accepted, Its
limitations also have been noted, First, it was developed a* a modal only for
mesothelloma, although It alio nay ba applicable to other aibeitos-Induced
tumor*, Second, Stanton at al. (1981) noted that narrow dimensional range* of
ilzed fiber* were not available for itudy, that errors In the measurement of
aibeitos fibers were unavoidable because of clumping and fragmentation, and
that fine chryiotile flberi were not studied because they could not be measured
analytically with precision, Third, a critical fiber length below which there
would be no carcinogenic activity ha* not been demonitratid. Fourth, whereas
clearance of fiber* shorter than 5 micron* 1* more efficient than for longer
fiber*, such clearance 1* neither Instantaneous nor total, permitting shorter
fiber* to Interact for substantial perlodi with pulmonary and pleural calls,

' Fifth, most asbeitoi fiber* found in the pleura are short (<5 micron*) fin*
chryiotile, where*! mixed fiber type* are found generally in the lung

I parenchyma. Finally, although fiber dimensions clearly affect carclnogenicicy,
che relationship of physical dlmemioni co deposition and tramlocation co the

Q pleura and peritoneum In human* ha* not been well characterised (CDHS 1986).

In addition to fiber dimension, it ha* been auggeited by some Inveitigetor*
that surface chemistry of asbestos fibers may be an Important determinant of
disease (OSHA 1986). Aibestos-Induced cycoeoxicicy has been found to be
initiated by che reaction of the fiber wlch the plasma membrane of respiratory
epithelial cell* (Moisman 1983), Some studle* have suggested that recognition
of asbestos fibers by phagocyte* and their subsequent phagocytosis may b* due
to phyiicochemlcal afflnlcle* between the fiber and the phagocyte (OSHA 1986),

It ha* also been reported that modification of the fiber structure may affect
biological reactivity of che aibeico* fiber. Resulc* of one icudy indlcaced
that ball milling of experimental asbestos samples resulted In important
change* in the structural and surface characteriatlcs of asbestos fiber*, which
reportedly reduced their effect on cell geabrane*. Result* of other studies
have Indicated that milling procedure* change not only the size distribution,
but also che shape and crystal structure of asbestos fibers (OSHA 1986).

O
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Langer et'al. (1979) noted that It la generally accepted that for two (j)
equivalent mane* of aibeito* having Identical morphological and chemical
properties, the tempi* with the greatest number of fibers tends to be most
active biologically, although a correlation of activity and fiber number I*
probably not equivalent for all fiber types, However, an Increase in fiber
nunber accompanied by a decree** In fiber length may increase the potential for
phagocycoels of particle* In a given sanple, Thl* could result in a decreased
residence time In the target organ and a concomitant reduction In carcinogenic
potential, Other characteristic* that may b* altered a* a result of a change
in fiber size Include surface properties, and bond and crystallographic
characterises, Thus, an increase in aibeitos fiber number may In some caiei
Increase and in other* greatly decrease biological activity. Fiber retention
also may be partially related to fiber liability In vivo. The degradation of ,
chryiotile 1* greateet, followed by anthrophylllte, amoalte, and crocidolite,
However, the relationship of fiber stability to asbestos.related disease is not
clear. Although che persistence of fiber* in a target organ Increase* the i
period of cellular contact, the processei occurring during in «itu fiber
degradation may alto produce advene effeccs, (~j'.

It has been difficult to assign a scale of relative pathogenlclcy to various (
asbestos types, This Is related to many factors, Including differences in
physical characteristics within fibers of a particular asbestos type, changes
In fiber characteristics during procsiilng, and contamination of on* type of
asbestos wlch another type. It has been luggested that chryiotll* 1* leu
hazardous than other asbestos types. However, high races of lung cancer in
asbestos workers have been related to all types of asbestos including
chryiotll* (Dement 1982, 1983a,b, EPA 1986), In addition, pleural and
peritoneal meiothellomai have been observid In worker* exposed primarily to
chrysotlle, a* well a* co crocldolic* and amoslt* (Schneiderman *c al. 1981),
OSHA (1916) reviewed a number of epldemlologlcal studies concerning che
toxicicy and carclnogenlcley of different asbestos types, OSHA concluded thac,
"all fiber types, alone or In combination, have been observed In studies to
Induce lung cancer, nesothelloma, and aibiitoili in expend worken wlch Che
exception of anchophyllica, which hai been obierved to Induce lung cancer and
aibeitoils, buc not mesocheUona,"
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It should b* tmphailzed that there is still considerable controversy as to
whether or not crocidolite or other amphlbole asbestos types are more
carcinogenic than chryiotll* (EPA 1986). Great Britain, Canada, and Sweden,
for example, have Imposed far more rigid standard* for crocidolite thin other
varieties of asbeitoi, In contrite, the United Statei hai no special itandard
for any specific aibeitoi mineral. The question of fiber type wa* not
addressed until the mid-1960's because analytical technique* used In
epldenlologlcal studies war* unable to accurately characterize asbestos fiber
type*. This lack of information on fiber exposure by mineral type wa*
recognized ac Che time of the 1964 New York Academy of Sclencei Conference on
Atbeitot (Whippl* and van Reyen 1965), and a recommendation was mad* that the
importance of fiber type on che riik of developing asbastosli, carcinoma of the
lung, and meiothellal tumor* b* Inveitlgaced. In Che ensuing year*,
conilderable information w*« developed on the mortality experience of different
group* expoied to different varieties of aibeitoi in different work procems.
Unfortunately, the differential risk aisoclatad with different fiber type* 1*
still not completely understood (EPA 1986),

3.1.2 INGESTION

Specific data relating individual aibastos species and physical characteristic*
with biological activity via Ingeitlon ar* lacking, Results of blomayi of
amoslt* aibeitoi (McConnrll 1983a,b) thowed no evidence of carcinogenicity In
experimental animals. ReiulCt of an NTP (1984) bioaitay in ratt provided SOB*
evidence that chryiotll* fibers >10 microns In length, but not fibers <10
microns In length, may have some carcinogenic potential for the
giicrolnteitlnal cract, Reiules of a number of epldemlological tcudle* of
human* expend Co tibeitoi In drinking water, a* reported by EPA (1985*), ar*
Inconclutlv* and provide no Insight Into identifying biologically active size
fraction* or mineral ipecles of aibeitoi,
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03.1.3 SUMMARY

Studlei indicate that fiber length, fiber dianecer, the ratio of length to
diameter (aipect ratio) , and mlneralogic type nay all be important In relating
aibeito* exposure to potentlel health risks, This* parameters should bi
characterized when Maturing aibascoa exposure, At th* sane time, the current
health database la not sufficient to fully quantify th* extent that each of
the** factor* contribute to advene health effaces, Approaches for assessing
health risks to dati have therefore focused on simpler schemes for
characterizing aibeitoi expoiuri such as total flbsr number or total mass
concentration. These are uteful provided that they are applied carefully 10
chat che above factor* are addrened at least Indirectly. However, the best
approach is to uss the analytical technique* that allow characterization of the
majority of the factor* believed to determine health effect* and thereby
concrlbuce co an enhanced dacabase from which a refined understanding of
atbncoi toxicity may b* derived.

3,2 ANALYTICAL TECHNIQUES '

A number of different collection, Identification, and quantification technique*
•r* available to determine aebeitoi leveli in environment*! media, Much of the
data uied to relate expoiur* to aabcsto* with th* rlik of dlieai* art obtained
from epidtmlologlc studlei of expoied workers. Eatlmat** of expoiur* to
aibeitoi in theie worker populations generally ware derived from optical
microscopy (phase contract) meajurenenca of fiber* >5 micron* in length (3:1
raclo between length and width) or of total parclculae* natter, Electron
microscopy technique* «r* often used to identify and quantify aibeitoi
expoiur**, especially in environmental lettlngs vhtr* concentraciont are much
lower than In occupational tattings. In order Co be able to relate
envlronmancal meaiurcment* to occupational studies for nbeitoi, It 1*
necessary to understand the advantage* and limitation* of th* varlou*
neaiunment technique* uied, and to be able to convert results obtained using
one technique to retulti that would be obtained using another technique1,

, O
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o 3.2,1 COLLECTION TECHNIQUES

Collection of mineral particles for Identification and counting Is usually don*
by filtering th* medium (air or watar) through mixed cellulose ester (MCE)
membrane (Mtlllpore*) or perforated polycarbonate (Nucleopore*) fUteri,

| thereby concentrating thtm through deposition on the filter's surface, The
' effective minimum particle collection size In each of the menbrane or
I collection techniques Is lass thin 0,5 microns (Rudd 1978),

It should also be noted that collection of air samples for aibettot anilyilt
: pom special problems associated with the type of temporal sampling protocol

employed. Elevated airborne concentrations of aibeitoi tend to be th* mult
of episodic rather than continuous release procenei, Consequently, sampling

' ov*r a relatively ihort tlm* period may glv* nlileadlng reiulti. Air tempiing
reiult* may be more useful If aora aggressive lampllng technique* «re uted,
For example, It may be pottlbl* to *lmul*t« condition* llk*ly to produce wone
cat* atbetcoi *xpo*ur*i and to larnpl* th* air during these time*,

C
Handling of sample* after collection may poi* ilgnlficint technical problem*,
For example, asbcsto* In aqueou* sanple* may adhere Co recipcacle* In which
they are collected, and aibeitoi in airborne tuples nay cling to the filter
canttt* walla becau** of *t*tic charge*; thl* can retulc In an overall
und*rastlm*tlon of th* aibeito* fiber* present, Conversely, abruption of dry
or wit fiber* during handling and traniporc may break th* aibeitoi flbiri
preiint Into more numeroui, shorter or thinner fiber*, which could reiult in an
underestimate or ovemclmac* of th* aibnto* fiber* present depending on the
leniiclvlty of th* analytical technique uitd,

3.2.2 SAMPLE PREPARATION TECHNIQUES

To prtpara tuple* for examination with * phaie contrast light mlcroicope
i (PCM), Impingement, lmp*ctlon, thermal precipitation, or membrane filter

technique* are uied, Particle* dipoiited directly on mlcroicope slides by
Impactlon or thirmal precipitation can b* counted by light mlcroicopy,

fj However, • nor* even dispersion cm b* obtained by impinging a jet of

3-9 ttR3006!8

* - * L * H 0 t * • *«<-«6le.,ot legible a 4 t U tlabel, At A* due to 4ub-itandatd colot ot condition o{ the otlglnal page.



dust-laderiad air onto a surface that it lubairged In a liquid, Th* liquid 1* (""J}
then tr*n*f*rr*d from the Inplnger to a counting cell where the particle* ar*
allowed to settle so that they can b* teen and counted In the sane focal plane,
Uilng th* Mllllpore* filter collection technique., a portion of the filter may
be rendered transparent before examination with PCM, Flberi wlch an aipect
ratio of greater than 3:1 are counted on a prescribed representative area of
che filter, One major limitation to the ui* of typical uncoatid Mllllpor**
filtert It that at much 11 801 of the fibers cm be lost, Nucleopore* filters
are generally preferred because, unlike the Mllllpore* filter, they have a
smooth featurelen lurface which reduces filter Ion (NRC 1983a), However, 1C
thould bt noted that techniques are available for providing reliable
convenient between the** two collection method*,

Moit tuple preparation technique* used for examination of flberi using a
traniminlon electron mlcroicopa (TEH) analyils Involve either "direct* or
"indirect" method*, In th* direct technique, parciculac* atbittoi deposlcs ar* I
crantfarred directly to the TEM grid by lolvent dltiolutton of th* Mllllpore*
or Nucleopore* filter. In the Indirect method, che filter 1* a*hed and the C~.
residual material 1* r**u»p*nd*d In water by ultrasound or "rubbid" onto '
mother filter for TEM exulnatlon, However, If th* Indirect (ample
preparation 1* u**d for TEH analyila, aabiitot fiber* may ba broken by the
ultrasonic tr*atm*nt itep, thereby Increasing the number of fibers meuured
relative Co the direct preparaelon tachnlqu*. Under the** condition*, nan '•
concentration (a* opposed to fiber count) should be the preferred meaiur* of
aibaito* level* (EPA 1985b). Further, becaun th* Indirect method reduces the
flberi co unit fibrils (thus enhancing homoiemlcy of the ipeclaen and reducing
ican clme), Information abouc th* original nature of the fiber may be loit (NRC
1983*), Earlier ipiclmen preparation methods for TEM alio have been criticized
biciui* of partlel* lones during tuple preparation, and biciut* particulate
depoilts on the TEH grid were not tufflclintly .uniform to allow quantitative
m*asunm*nts, Thnt limitation* hava generally b*«n overcome by th* more
recent direct tr*n*f*r tichnlque*, which an ginerally accepted a* th* moic
rtllabl* method* for preparation of TEH ipeclmtn grid* (Chatfield 1983),
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3.2.3 MASS AND COUNTING MEASUREMENT METHODS

Table 3-1 presents the major analytical methodi used in che quantification and
identification of aibettlform flberi. The two major measurement nethodi
Include masi and counting techniques. The earliest nethodi measured nass. In
the gron nns (gravimetric) methodi, airborne duit wai collected by
filtration, precipitation, or inpactlon, and che total duit wit diternined by
weighing on analytical balance*, X-ray diffraction techniques were uied to
Identify mineral types preient in the duit and nagncsiun analysis was used as
•n index of chryiotile asbestos content, When there wet a need to collect and
meaiure samples over thort tines, tuch at In the evaluation of controli or
brief expoiurt episodes, the man of the snail amount of material could be
matured by very teniitive piezoelectric or beta-absorption Instruments (NRC
1983a) .

Major drawbicki to then early analytical methodi were the inteniltlvlty of che
x-ray method In the detection of snail particle*, the nonipeclflclty In eh*
differentiation of chryiotll* from other serpentine mineral*, and th* ilmllar
nonipeclficlty ,of the magntilum at say, Because much of the mil* nanured by
grot* nan method* conaitted of particlea too large to penetrate into th* lung,
technique* were often uied to remove the larger particle* befor* atiay, Th*
horizontal, parallel plat* elutriator wa* preferred In th* United Kingdom,
where** industrial hyglaniitt In th* United Stat** tended to uie small cyclone
d*vlc«* (NRC 1983a),

Ic ihould bt noted that man meaiurenents account for all ilzi* of aabettos,
Although there may b* flb*r* of relatively snail *lz*, if sufficient numbers
art pretent, these small flbart may add tlgnlflcantly to man concentration*,

Counting Mthod* an far mor* nniitlv* thin man determination*, tine* lanplea
with too little man to b* weighed ar* usually adequate for counting by certain
method*, Furthermore, tinea imall particle* far outnumber large particle*,
counting emphailzn th* rnplnbl* du*t, Laitly, flb*r* can b* counted
i*pcrat*ly from othir particles (NRC 1983*).
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TABLE 3-1 ' _OASBESTIFORM FIBER MEASUREMENT METHODS*

Measurement Collection

M**i, gron High volume or
pinonal sanp-
ling filter

Electroitatlc
preclpitator
Impactlon

M**s, retplrable Horizontal
elutrlator/
filter

Cyclone/filter

Count Impingement

Impactlon

Thermal
preclpitator
Membrane filter

Mimbnn*
(Nucleopore*)
filter
Membrane
(Nucleopore*)
filter

Quantification

Gravimetric

Gravimetric
(piezoelectric)
Beta-abiorptlon
Gravimetric

Gravimetric

Light mlcroicop*

Llghe nlcroicope

Llghc microicop*

Llghe microscope
phate concrnc

TEM,b SEM,C
imege recognition

Llghc *cace*rlng

Identification

Mineral Identification
by x-ray; chrytotlle
Identification by
magneilum analysis
Not applicable

Not applicable
Mineral Identification
by x-ray; chryiotll*
Identification by
megneilum analyai*
Mineral Identification
by x-ray; chryiotll*
Identification by
magntilum analyili
Identification by
morphology
Identification by
morphology
Identification by
morphology
Identification by
morphology; mineral
identification by
dltperilon staining
Mineral Identification
by SAED;d chemical
compoiltion by EDXA*
Identification of
fibers by magnetic
alignment

•Adapted from Burdett et al. 1980
"TEM • Tranimlsalon electron microicop*
eSEH • Scanning eltctron microscope
dSAED • Selected are* electron diffraction
*EDXA • Energy-dlepertive x-ray analyili

C!
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Raiulti of Implngcr count* ar* usually expressed in millions of particles per
cubic foot; dust concentrations measured by other methods are typically
expressed at partlcl** or fibers per cubic centimeter, In ion* electron
microscope technique*, fibers or dispersed fibril* are counted, md th* results
ar* then converted to unit* of mass per volume (NRC 1983*) , A number of
Invesclgacora have attempted to develop converaion factors for estimating the
relative equivalency of different aibiston measurement nethods that have been
uied in occupational iitting*. Than relationships, as summarized In the NEC's
(1983*) report on Aibntlforn Fibers, ire shown in Table 3-2, NRC (1983*)
noted that the accuracy of th* eitlmitit ii unknown, but is probably valid
within about on* order of magnitude, However, the conversion factors would be
equivalent only In that they represent valuea that would be expected if paired
neaiurementt using different measurement technique* were mad* in an environment
tlnll»r to that in which th* conversion data were originally obtained.

3.2.4 QUANTIFICATION TECHNIQUES

Four major analytical method* ar* uied for quantifying asbestos fib*r*i phase
contrast light aicroscopy (PCM), pol*rlz*d light microscopy (PLM), trantmliilon
electron microicopy (TEM), and icinnlng electron mlcroicopy (SEM), PCM, which
measures fiber* per unit volume, ha* traditionally been used for counting
fiber* in th* workplace, It ha* b**n used to mature fiber concentrations for
fibers longer than 5 micron* with a diameter of greater than 0,2-0,3 microns
(the limit of riaolutlon), Thut, flberi longer than 5 microns, but with
dluetert lets than 0,2 microns, are not counted, Although flberi ihorter than
5 microns with a diameter *ufflci*nt to b* reiolved nay alto b* counnd by chls
technique, a 5-aicron cutoff ha* traditionally been employed when counting
•ibeitot flbura by thl* technique, Additionally, PCM cannot dlitlngulih
asbeito* from nonnbnto* fibers of ilnilar *lz* and shape, Compared TEM and
SEM, PCM 1* the lent expensive, the most rndlly available, and Involves che
least sample preparation tin* (EPA 1985b) , Although PCM i* * practical
technique for chei* r***oni for roucln* u** In cht occupational environment, -
th* method i* coo Instniltlv* and nontpeciflc to b* used to 111*11 fiber
expoiur* in th* nonoccupaclonal environment (NRC 1983*), It should be noted,
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TABLE 3-2 _.

RELATIONSHIPS AMONG METHODS OF MEASURING EXPOSURE TO
ASBESTOS IN THE WORKPLACE

Equivalent Value* Expected from Varloua
M*«*ur*m*nt Methods

Ban Value*

1 mppcf
(lmplng«r)b

1 >5 micron* long
fib*n/cm- (PCM)d

1 EM fiber/cm3
(EM count)

(Mil)

Inplnger
(nppcf)

1

0,17

(0.0028)

(5)

Ph*i* Contrast
Light Mlcroacop*
(PCM) (>5 microns
long flbtrt/cm3)

6

• 1

0,017

30*

Electron
Mlcroicope
(EM) (EH
flben/cm3)

(360)c

60

1

2,000£

Man
(j-g/B3)

(0.2)

0,03

0.0005

1

01
*Glv*n th* ban valu* indicated In column 1, th* other column* ihow th*
equivalent value to be expected from the indicated method, Thus, 1 mppcf by
Impinger would be equivalent to 6 >5 micron* long flben/cn3 mtnured by PCM
or 360 flbm/cor m***ur*d by th* EH. Numb*r* hav* been rounded.

bColl*cted In *n lnplng*r and counted at 100X light field, me • f - million* of
particle* per cubic foot. •

cRatlo* in perenche*** ar* calculated from other ratio*.

••Collected on membrane filter* and counted by PCM at 430X,

"Thli ratio convert* to 30 LM flbert/ng venu* th* nominal 20 flb*r*/ng
sometime* uaed,

*Thi* ratio convert! to 2,000 total EM flben/ng,

Source: Adapted from NRC (1983*). The data for thl* tabl* w*r* obtained from
workplic* dust cloud* or other environmental sanple* containing high
concentration* of aibeitoi,

O
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however, Chat PCM hat generally been che technique uied for exposure and risk
nclmatei from which doae- response assessments are derived.

A second optical mlcroicope technique, polarized light microscopy (PLM),
luffert fron tone of the lame limitation! at PCM, It it predominantly limited
to analyili of asbeatoi In bulk sanples such ai toll or rock,

Transmits Ion electron nlcroicopy (TEM) Ii noit useful for meaiuremants of
esbestos In the ambient environnent, where sensitive determinations of low
concentratloni are required, Quantification of lamplai with the newer TEM
techniques yields estimates of fiber number, which can be converted to mass
estimates, and allows greater resolution than the optical PCM technique, TEM
hai a resolution of 1 to 3 orderi of magnitude more flberi than PCM technique*
(OSHA 1986, EPA 1986), Consequently, count* based on TEM menurtmenti arc
often nor* than 100 clues greater than count! obtained by optical light
mlcroicopy (NRC 1983*), Thia Includes fiben greater than 5 mlcroni in length,
thinner flberi (down to 0,25 nm In dlueter), at well at total fibers (where
TEM can resolve ihorter flberi than PCM) . TEM can be uied to Indicate the
likely pretence of aibeitoi in a population of flberi band on fiber ihape and
configuration alone, However, In order to confirm the Identity of the flberi,
chimlcal and/or crystal analyai* 1* m*d*d, Two identification technique* used
with TEM are energy diipinlv* x*r*y spectronttry (EDXA) and lalectlve area
electron diffraction (SAED) , Although TEH 1* nor* nniltlv* to chin fiber* and
mor* ipcclflc for asbesto* relative to PCM, it t* lei* widely available, more
coitly, and Involves more preparation and analyil* elm* thin PCM (EPA 1985b),

Th* majority of hnlch stud!** on nbnto* to date have railed on PCM or ma**
minunment* a* th* analytical technique , Consequently, th* utility of
additional and mor* accurat* information provided by TEM 1* limited by th* need
to compu* It with crlterie developed from studies where exposure wai insured
utlng l**i powerful technique*. It 1* not known If revaluation of avallabl*
•xpoiur**mponn data would provide information unful for characterizing the
biological activity of aibnto* flb*n <5 microns, However, collection of TEM
data on environmental expoiur* to aibescoa clearly would b* useful In this
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regard M 'nor* experimental and epidemiological data are collected and f\
evaluated,

EPA (1983) recently described an analytical method for measurement of aibnto*
fiber concentration! in water ualng TEM. In chi* method, fiber* were
classified by selected aria electron diffraction and energy dlipirtlv* x-cay
analyil*. Among son* of th* clttd limitations to this technique were
(a) errori in Identification of chryiotile fiber* because of both Inscrummcal
limitations and th* nature of torn* of th* fibers; (b) difficulty In counting
IOM Individual fibers beciui* of physic*! overlapping of che asbestoi flbari;
(c) Inadiquat* dtiperilon of flb*r* in th* watar iimpl* because of adhesion of
flbar* co ch* container w*ll«; (d) contamination of th* laupl* by *xtr*n*ou*
fiber*; and («) incrnnd flb*r count* bacauie o? freezing of th* water asapli,
which Incrnnd "flb*r breakdown," It 1* Important to not* that lanpl*
handling technique* auch •* thoi* described may altar th* character of aabestos
being *n*lyz*d, This Is nptclally true in tne preparation of liquid and solid I
samples. Sample handling technique* muit therefore b* considered when
nnnlng hnlth rliki aitociatad with asbeitoi, ^>i

A fourth analytical cechnlqu* for quantification,of aibnto* 1* scanning
electron mlcroicopy (SEM). As an *l*ctron microscopic method, SEM ha* greater 1
nniitlvlty Co chin fiber* *nd b*tt*r ipcclflclcy for aibeitoi ** comp*r*d to
optical light mlcroicopy. Technically, however, it currently fall* short of
TEH'* capabilities, SEM differs from TEH in that tha fiber subftrata mounted
on th* electron mlcroicopy grid 1* coniiderably thicker, Th* thick subitrat*
r«fl*ct« and icatcara *l*ctron* which are detected •* "noli*" by th*
aicroicopi, A* a mule, ch* nbnto* flbar being viewed muit be l*rg*r than *
TEM-obi*rv*d object In order to be **en, In term* of fiber dlmemlora, the
limit of rnolutlon obtained with SEM 1* a fiber dlueter of 0.20 microns. SEN
Ii In* powerful chin TEH In 1C* ability to distinguish sibeito* from other
typn of fibiri; however, ic i* tupirlor to PCM in it* ipeciflclty for aibatto*
(EPA 1985b), Although ch* direct tuple preparation method uied for SEM
provldei littl* opportunity for contulnaclon, th* image reiolutlon, contraic,
and x*ray rnolutlon of SEM have not been lufflcltnt for pr*cl*« nlnereloglcal
Idtntlflcatlon (NRC 1983*), Unlike PCM and TEM, no standardized protocol for
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fT~] sample preparation and analysis using SEM is currently available, Without

standardized protocol*, It la not possible to characterize analytical accuracy
and reliability of SEM mules, SEM analysis la generally more widely
available than TEM, but lei* available thin PCM, In addition, both coat and
tlm* of analyila uilng SEM ar* Intermediate between PCM and TEM (EPA 19B5b),

3.2.5 CONCLUSION

The ideal analytical method for aibnto* should neasure a characttrlitlc,
p*ru*t*r, or Index with biological relevance—that Is, th* meaiuranent should
b* related to the rlik of the disease end point being studied, Poiilble types
of ne«*ur*m*nta night include, but not necessarily b* limited to fiber number,
m***, length, diueter, end mineral type, Becauie of evolution In

4 undericandlng of iibeicos toxicity, paruturi that actually correlate with
toxicity may not hav* been neiiured In ptit itudles, Furthermore,

j icindardlzation uong *upl« preparation method* md analytical techniques ar*
needed In order to allow comparlion* of data from varlou* liboratorln. Much

/"̂ , of th* occupational *xpo*urt data on which current hnjeh rlik estlmaca* ar*\̂ /
b*i*d h*v* been obtained u*lng optical mlcroicopy technique!. Then
technique*, how*v*r, are limited In their ability to Identify ipicific cypei of

' nbnto* flb*r* md to rnolv* ihort or thin fiber*, Electron mlcroicopy
c«chnique», although nor* axpenilv*, provide *up*rlor rnult* with regard to

! characterization of fiber type* and vltualizatlon of inaller flberi, Although
It Ii currently thought that aibeitoi fibers greater than 5 microns In length
are mor* biologically acclvt than ihorter flberi, th* relative potency of
different *lz* friction* of aibnto* hi* not bean will characterized, One
encouraging trend 1* th* incrinlng un of TEM •* th* technique of choice when
analyzing anvlronnentti concentration* of asbestos, This type of Information
In conjunction wlch newly developed experinencal and apideniologlcal data (and
poiiibly wlch r**v*lu*clon of older occupational data) 1* likely to eventually
provide more Iniight* into thti* liiuei,
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3,3 CONVERSION FACTORS

To compare concentration! In th* occupation*! environment which were usually
determined by PCM and reported a* NIOSH flb*r count* to environment*!
concmcratlon* determined by TEM and reported •* total fiber number or nan, It
Ii necessary to ntabllih a conversion factor between fiber counta and fiber
man (EPA 1986).

Tabl* 3-3 auamarlzn six lit* of empirical data relating NIOSH fiber count*
(long*r than 5 micron*) to th* coca! m*** of nbnto*, From these data,
varloua conversion factor* have been eitlmttid that ralac* fiber concentration
In fiber* per nlllllit*r (f/ml) co airborne asbeitoi man in mlcrogru* pir
cubic me car (/jg/a3), Th* Brlclth Occupational Hyglm* Society (1968) hat
seated that a "rnpirabl*" aabiscoi man of 0,12 mg/m3 Ii *qulv*l*nt to 2 f/ml;
thl* group did not report how thl* rilatlonthip wai determined. However, EPA
(1986) h*i itated that If the r*l*tlonihip wai obciinid froa magnnlum
d*c*raln*clon* In m uroiol, ch* weight determination "would likely be high"
bicau** of th* prnence of other nonfibrou* mignnlum-containing compound* in
ch* nrotol, According to EPA (1986), luch wn th* en* In th* work by Lynch
et al. (1970) (Tabl* 3*3), whoa* v*lu*s for th* convinlon factor wir*
"undoubtedly overettlmatn." It i* *lio EPA'* (1986) vim chat th* data by
Rohl *t *1. (1976) "are likely to b* underestimate* bicaus* of poiiible lotit*
in th* determination of mm by elictron mlcroicopy.* No data wir* available
on the procedurn u**d to dtcinln* th* ma*s of chryiotll* la th* itudy
conducted by Divis *C al. (1978) (Tabl* 3-2), Sine* the data by then authors
yielded lower chryiollc* convtriion v*lu«* relative to other publlihed
eitimatii, chilr tuggiitid convirtlon fictor of 18 for amoiic* m*y also b* low
(EPA 1986),

In ch*lr Airborne Aibeitoi Heilth Anniaint Updiu, EPA (1986) u**d *
convtriion ficcor of 30 ̂ g/«3 per f/ml, Thl* conv*r*lon factor 1* ch*
geometric mem of the rang* of convenlon facton (5*150) noted in Tabli 3*3,
EPA (1986) hn acknowltdgid chac che rang* of 5 Co ISO for the convertion
factor Ii "large", and any average value derived from It ha* • "large
uncertainty"; th* geometric standard deviation of this conversion value is 4,

O
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TABLE 3*3

EMPIRICAL RELATIONSHIPS BETWEEN OPTICAL FIBER COUNTS
AND MASS CONCENTRATIONS OF AIRBORNE CHRYSOTILE

Conversion Factors
Fib*r* M**i ————-——————
Counci Concentration uglar „, ../<

Sampling Situation (f/ml) (,ig/"3) f/»l PB/

T*xtll* ficcory:
Briclih Occup*clon*l
Hygiene Society
(1968) (weight vi,
fiber count) 2 120 60 16

I Air cbambar monitoring:
' Davli *c al. (1978) 1950 10,000 5

I Monitoring brak*
I repair work:

Rohl ee al. (1976)
O Electron Hicroicopy
, (EH milt vi. 0,1 to 4.7 0.1 to 6.6 0.7 to 24b

flbtr count) (7 tup!**) m*m • 6

T*xtll* mill:
1 Lynch *t al. (1970) 150°

i Friction product*
I nanuftceuring:

Lynch et al, (1970) 70°

Pip* aanuftceurlng
Lynch *e »1. (1970) 45C

*All fiber counc* und ph****concr**c mlcroicopy md *num*r*c*d fibers longer
than 5 microns.

bConv*r*lon faccor m*y b* low due Co losses in electron mlcroicopy proeiitlng.

cConvertion faccor may be high becaut* of ovemtlnat* of aibnto* man on th*
i bnli of total magnnlum.
i

Source: EPA (1986).
i
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md thl* uncertainty alio limits any extrapolation in which it 1* used, In (|
addition to EPA (1986), other organization* hav* att«mpt*d co convert optical
mlcroicopy n*nunm*nt* to electron mlcroicopy mi**ur*m*nt*, The California
Department of Health Service* (1986) concluded that appropriate "conversion
factor rang**" an 100 to 1,000, Total TEH flb*ri/m3 per on* optical
mlcroicopy (PCM) flb*r/m3 (geometric center of rang* - 320) and 7*120 pg/m3 as
minund by TEM per on* fiber/ml •* measured by PCM (geometric nean - 30 /»g/m3
fiber ml), The Chronic Hazard Advisory Panel of the Consumer Product Safety
Commission (1983) and th* National Research Council (1984) hav* uied conversion
factors of 30 and 40 Mg/«3 per f/«l. mpictlvily,

Recent experimental work ha* b**n conducted to extend che utility of PCM
measurements by developing • technique for predicting concentration* of fibtr*
<5 micron* from existing PCM m*a«ur*m*nt* of fiber* 75 mlcroni (Klifir et al, i
1987). These Invaiclgacor* found a linear relationship between the logarithm
of SEM m*a*ur*n*nt* and th* logarithm of PCM count*, which they uied to develop j
a predictive model, They tuggeitid that the mod*! would b* noit useful in
eveluatlng ntroipective itudl** whir* thi only cxpoiur* information avalliblt ('"j.
wai PCM flbir count*, '

i
A numb*r of fictori compllcat* effort* co *it*bllih a ilngl* "appropriat*"
converalon factor, Firtt, conalitmt nltclonshlp* uong nbiieos ninuremenc
method* do not exitt. Tht ttchnlqui* ar* lubject to analytical error,
aubjecclve blai, md *nvlronm*nc*l Influence (Including flb*r type, age of
nbeicoi material, duit contuinanti, and magnification of *rror by
extrapolation from filter larnpl** to th* anvlronaent). With reipect to
analytic*! error, for ixurpli, th* «l*ctron microicopa technique md Iti
aaioclated lupllng and analytical technique* hav* an experimental error of
approximately 151 to 30t of the meaiuranent value. Relative itandard
deviations of 45» ar* not unusual in light mlcroicope countt, In addition,
m***ur«m*nt* mid* In a particular environment at different times will vary
because the actual concentration* vary, Second, the different technique*
meuur* a variety of indie**, which often do not remain In conitant proportion
to each other from lampl* to limp!*, For axaaple, PCM fibers longer thm 5
micron* *r* couneed a* a single specln, wh*r*a* *hort*r fibers ar* noc counted ...,.
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at all, Therefore, a given fiber count obtained by thi* technique would
undoubtedly riprannt a very different number of fiber* md mill concentrations
than th* *ui fiber count obtained by electron nlcroicopy. In ion* cases,
reproducible conversion fictort may b* determined when large numbers of paired
(ampin are analyzed by ch* various method*, How*v*r, these conversion factors
utually cannot thin b* applied to samples obtained under a different lit of
conditions (NRC 1983*), Third, sanple preparation techniques that an imployid
in electron microscopy cm result In alterations In fiber sire distribution,
This in turn cm lead to variability In proposed converiion factors
(Schn*ld*rmm et al, 1981),

A* suggested by thli diicunlon, there Ii no universally accepted conv*r*ion
faccor (Schneldermm et al, 1983*), Further, converiion fictor* may not b*
•ppllcabl* to saaplei obtained under different sets of condition! (NRC 1983d),
md different conv*r*lon factor* may b* appropriate for crocldollt*,
chryiotil*, md uoilci aibiitot (Rowi md Springer 1986), For rlik imnmtnc
purposts, however, it ihould b* r*cognlz«d that th* unc*rt*lncy nioclated with
th* ua* of convtrdon factori miy b* no greater thm th* uncertainty in other
are** of th* aiininent,

3,4 ESTIMATES OF ENVIRONMENTAL EXPOSURE

Nicholson (1987) recently reviewed the exc*nc of airborne nbnto* occurrence
in th* nonoccupatlonal •nvlronaent, H* noted that (nidi from hizirdou* wait*
(it**) th* griateit ambient alrbom* »Xf oiures mult from frlabl* nbntoi
containing building material*, T*bl* 'J-4, reproduced from Nlcholion (1987),
tabulate* ch* liccracur* on *mbl*nt txpoiure l*v*l*. Th* State of California
(CDHS 1986) ha* *l*o reported ambient lev«'i of nbnto* ranging from 8 to
500 fiber*/*!3, Low*r l*v*l* of B to 80 flbai-s/n3 were found at ilcii liolatad
from known lourc** wh*r*ai higher leveli of 5o to 500 flbirt/m3 w*r« manured
clot* to locallzid known lourc**,
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TABLE 3-4 '

SUMMARY OF AMBIENT AIR ASBESTOS CONCENTRATIONS

Sample Set

Quarterly composite* of 5*7
24-hour U.S, tamp!**
Nlcholion 1971, Nicholion
•nd Pund*ack 1973)

Quarterly compoilt** of 5-7
24-hour U.S. lamplei (EPA
1974)

16 -hour laapli* of flv* U.S,
clti«» (EPA 1974)

5-day tempi** of Pirlt, Franc*
(Sebnelen et al, 1980)

5-day, 7-hour control tuplei
for U.S, ichool icudy
(Constant *t al. 1983)

12 -hour lampli* In Toronto,
Ontario (Chatfield 1983)

12 -hour tup!** In Southern
Ontario (Chatfield 1983)

U.K. urban and rural background
(L* Gu*n et al. 1983)

Long-term *upl*« In chrae
W**c G*nan cicle*
(Frl*drlch* et al. 1983)

Urban Switzerland (Lltlitorf
et al. 1985)

Rural Switzerland (Litlttorf
•c al. 1987)

Rural Auacri* (F*lb*rm*y*r
1983)

Collection
Period

1969-70

1969-70

1974

1974-75

1980-81

1980-81

1980*81'

1979-81

1982

1977

1981*83

1978-80

Number
of

Samples

187

127

34

161

31

24

48

8

6

10

10

143

Arithmetic Average
Concentration

ng/m3

,

•3.3

•3.4

•13

•0.96

b6.5

C0,83

C0,20

<l-5

..

0,74

0,23

"

osm/i

..

• •
..
••

.-
(d)
(<•)
-•

(C, *)

0.4

(<•)

S0.1

O

•Chryiotile.
b6, chryiotll*; 0.5 uphlbol*.
'Exceptionally high sampl* contributid all ch* mas*.
dL*«« ehan a dacecclon Halt of approximately 4 f/1.
•2.8, chryiollt*; 2.6, amphibol*.

Source Nlcholion (1987).

O
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o
4,0 DESCRIPTION OF HEALTH EFFECTS IN HUMANS

Th* carclnogmlclty of asbestos following inhalation exposure hai been clearly
eitebllihid In hunans md ixptrlaental animal*; the evidence in humans conn
fron data on occupatlonally exposed Individuals (IARC 1977, NRC 1984, EPA
1986), Inhalation exposure to asbestos can ritult in lung cancer and
m**och*liom* (EPA 1986). The carcinogenicity of aibiitoi following Ingestion
has not been conclusively aitabliihed; however ther* ii available data from
occupational studies that suggest • link between inhalation and subsequent
ingnclon of aibeitos md gastrointestinal cancer, The primary noncarcinogenic
health effect of aibistos In nbiicotli, a chronic lung diseaie associated with
functional disabilities md early mortality; however development of asbestosls

j is aiioclated only wlch high-level occupational exposur*.

4,1 CARCINOGENIC EFFECTS

f Aibeitos ll recognized n carcinogenic co human* by Ch* International Agency
^ for Research on Cancer (IARC 1977) md by th* Environmental Protection Agency

(EPA 1985*), Th* itrongnt evidence for th* carcinogenic Icy of aibiito* in
human* com** from •plosmlologlcal itudlcs of occupationally exposed
Individual*. These studlei hav* coniiicmcly linked exposure co nbnto* with
Increased Incidence* of lung canc*r md pleura! md p*rlton**l meaothellona.
Several itudias also hav* ihown lignlflcmcly lncr****d cancer riikt at other
lit**, particularly th* gaatroincncinal (GI) eracc, Th* conilitcncy md
mignltud* of th* txcii* rlik* obnrvad at the** extrathoraclc lit**, however,
are not u great ai th* rlik* for lung cancer md nnothelion* (EPA 1986),

A limited nuabsr of ttudlti hav* suggested a possible association between
Increased incidence of huaan cancer* and exposure co aibeitoi in
nonoccupatlonal settings, Then itudlet have exuined the occurrence of
aibeitot-rilactd dlieaie uong fully contacti of aibiitoi worktrt, rnldinti
living in the vicinity of aibeitoi ficilitlei or other lourcn of ambient
aibeitoi, and Individual! living in areat where the drinking water luppli** are
known to contain relatively high concentration* of »*b**tos, How*v*r, the**
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typn of aiioclatlons hav* not been extensively studied, and In many cases, (~^
mulct of the itudlei are Inconclusive or equivocal, Furthermore, expoiun
data often ar* Incomplete or lacking,

4.1,1 OCCUPATIONAL EXPOSURE

The aiioclielon b*cw**n ixctss cancer incldinc* and occupational expoiur* hti
btin demonttratid In • large nuaber of apidanlologlcal atudln, Th* largaic
md aoic ncinc of thn* itudlii, listed according to th* type of fiber
exposur* md work clrcumiemct, art tuamarlzad In Tabl* 4*1, Lung c*nc*r
lncld*nc*s war* significantly elevatid (p<0,05) in 30 of ch* 41 cohort* listed, .
md gncroincntinal cincir* w*r* significantly elevated In 10 cohort*, '

Mnothillom* (pleura!, perlton**!, md unspecifl*d), a ran cancer In the 1
general population, we* reported relatively frequently in moit cohort* of
worker* *xpos*d to aibeico*. Furchernor*, itrong axpoiure-reiponie [
relationihlpi wir* generally found for lung cancer md mnothtliom*, md to a
leiier extent for gutrolntntlnal cmciri. ("N

Th*r* Ii *xtin*lv* evidence that aibiitoi It a caui* of lung c*nc*r In humm*. \
However, th*r* alto 1* a lubitantlal background lung cancar Incidence in the
g«n*ral population, presumably due to expoaure to other carcinogenic agint*
luch a* clganct* imok* or polluted air. Bicaui* lung tumors '..at occur in
pirions *xpoi*d to nbiitot hav* no unique dlignoitlc f«*tur*i, It 1* not
generally poislbl* co decermlne If my ipiclflc lung tumor 1* r*lat*d to
•xpoiur* co aibeico* or co *om* other igene, Coni*qu*ncly, a rtlativ* rlik
node! 1* ui*d to characterize th* Incldinc* of lung cancir aiioclattd with
•xpoiur* to ubiitoi. Such a model i* uitd In th* dncrlptlon of mortality In
tin* of obnmd ineidancn in *xpond population* md *xp*ct*d Incldmcii in ;
un*xpo**d population*,

Amlyie* of data from a number of epidialologlcil itudle* (Nlcholion *t al,
1979, EPA 1986, Seidman 1984, Sellkoff et al, 1979) iugg»«r a number of
genenllzatlon* with rigard to thl tin*- and *g«*d*p*nd*i,c* of exposure to '
aibiitoi md th* Incldinc* of lung cmcir, Aftir a latency period of ...
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•pproxlnafily 10 to 20 yiari, thtr* li * linitr Incrni* In nlatlv* rlik of s~\
•*b*itoi*rilatid lung c*nc*r, Thii Incrnnd rilatlv* rlik li proportional to
the tine worked and, thui, to the cuoulatlve nbntoi ixpoiun, and appnra to
b* lnd*p*nd*nt of *g* and th* pr*-*xlatlng underlying rlik it th* tin* of first
•xpoiur*, In a itudy of iniulitlon work*r* (S*llkoff *t al, 1979), th* nidltn
tin* to diith dui to lung cancir fron flnt *xpoiur* wai approxltutily 32 0
yiiri, Howevir, a gradual diclln* In th* r*l*tlv* rlik of lung c*nc«r
beginning it about 35 ynr* *ft«r initial ixpoiura hai bi*n obiirved in ton*
morullty itudlii, Th* r*«*on for thl* ph*noa*non li not undtritood; however,
it hn bein varlouily attributed to coopitlng nortallty fron oth«r
aib*itoi-rilat*d dint***, *«rll«r dnthi *nong looker* from th* study groupi,
gradual •lialnatlon of aabnto* froa th* lung aftir cniatlon of ixpoiur*,
*«l*ctlon proc*n*« such •* differing expoiur* pattern*, or differing
biological *u*c*ptibllltl**,

A oniltlplicatlv* »ff*ct of nbntoi ixpoiur* and clg«r*tt* imoking in producing
an incrnnd lung cancir riik hi* b**n obnrvtd, For *xupl*, mult* of •
•tudy of 12,051 iibntoi worker* (Hianond it al, 1979) ihowed that lung cancer ^
rliki in both *aok*ri «nd noniaokiri ar* lncr*«**d by a factor of flv* a* a ^
mult of ixpoiur* to aibeitoi, The lung cancer aortallty rate for looking
control! (penoni not expend to aibeitoi) wai approximately 11 tin** higher '
than for nomaoking control*. Th* lung cincir nortallty rat* in looking
•ibnto* worktri w** thirifor* *pproxloat*ly 55 tlon griater chin for
noniaoklng control!, Corroboratlv* data for th* lynirglitic lnt*r*etlon of
aibnto* ixpoiur* ind looking hav* b**n riportid in other itudlei (EPA 1986),

Baciun miotheliooa i* a v*ry rar* fora of cancer In the general population,
reliable value* for ixpictid nuabiri of cim cinnot b* c*lculat*d.
Connquintly, an abaolute rlik ood*l li ooit approprlat* for characterizing th*
Incldinc* of oeiothelloM aiioclatid with axpoiura to nbntoi. Such a aodtl
cm b* u»td to dncrlb* ind predict lifetloe rlik* band on munition of annual
incidence* of oiiothilloo* In *ibiitoi**xpond populitioni, Aftir * latancy
period of approxloauly 20 y»*ri, th* Incldinc* of *ib**to*-r*l*t*d
nnothilioiu Incrnii* iccordlng tc a powir function of tlo* froa onnt of
•xpoiur*, A* obnrvid for iibi*to*-ril*t*d lung cancir, th* ibiolut* riik of
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if ' d**th fron' anothilioa* appiar* to b* indipindint of th* *ge at which thl
ixpoiur* occur*. Th* aidian tin* to diath due to nnothillon* fron onset of
•xpoiur* w«i found to bi *pproxln*t*iy 36 year* In a largi itudy of
aabiitoi-ixpoiid IniuUtlon worktri (Sillkoff it al, 1979), However, the
Incrin* in rlik fron nnothellon* with tin* fron onset of exposure appears to
l«n*n aft«r *pproxln*t*ly 40 years of exposure, and ibiolut* rltk *ppe*ri to
diclln* «ft*r (bout 50 yeiri of expoiure (Nlcholion et *1, 1982), It has been
iugg**t*d that this effect a*y b* the reiult of coapitlng nortallty fron other
iibestoi-relaced diseases, alsdiagnoil* of disease In older Individuals,
statistical fluctuations a*iocl«t*d with th* lower Incidences of niiothelioni,
or nltction procnm luch *i dlffiring *xpo*ur* pitttmi, Heiothclion*
incidence* do not *pp**r to b* Influenced by an Interaction between cigarette
looking *nd ixpoiure to nbntoi,

A number of epldenlologlcal itudlii hav* docuaented ilgniflcant excesi csncer
; risk* at varlou* gutrointeitlntl lit** (EPA 1986), Stud!** th*t do not ihow

thli rilitlonihlp generally htv* o*thodologlc*l problea* or arc not powerful
O enough to ihow a lignlficant effict, Th* oajorlty of poiltlv* itudin ihow in

•xceii of cancer at GI iltn that 1* ipproxloitily 10% to 401 of th* observed
respiratory cancer excen, In addition, kidney and urinary tract canceri were
found to b* ilgnlflcintly elevated in two large itudin (Sillkoff *t al, 1979,
Puntonl it al, 1979), and *xc**i ovirian cancer* h*v* been reported anong

i f*n*l* work*ri (Niwhoun et al. 1972, Wlgnall and Fox 1982, Ac.'.json tt *1,
1982),

Epid*alologic*l data suggest thit occupation*! exposure to aaphlbolei oiy b*
•iiociatid with a grntir riik of a**oth*llon* thin Ii expoiure to chryiottle,
The difference* In onothilloaa riik ire nor* pronounced for peritoneal than
for plaural Miothelloaa*, No clear rlik difference! related to fiber type
h«v* b**n deaonitrited for lung c*nc*r (OSHA 1986, EPA 1986), Son* of th*
reported *xpoiur* riiponi* dlffirencei n*y b* relited to phyilc*!
chiractarlatic* of different typ** of nbntoi flbin, For ixupl*,
crocldolit* ind uoilt*, which ari aaphlbolii, tend to b* long ind thin,
wheren chryiotlli fiber* tend to b* curly, Long, thin flbiri are nor* likely

i) to reech th* lung ind lower respiratory system thin curly fibers which present

AK3C0638

e page filmed In thia {tame la not aa teadable ,ot legible aa thia
, At Aa due to aubatandatd colot ot condition o{ the otlglnal page.



C

a larger croia-iictlonal aria and ire nore likely to bi tripped in che upper x-,
alrwayi. The fati of dlffirent type* of iibeitoi flberi onci they riich thl ' '
lung md lower rnplratory lyitio alio nay b* tnporcinc in decernlnlng thilr
pocenclal for cauilng dliini, Crocldollti and aaoilti flbiri tind not to be
affictid by che lung'i weakly acid envlronaent, However, chryiotll* 1* nori
vulnerable to icld and ihow* a cendency to ipllt Into laaller flbiri or to
dlnolv* In th* lung (Horgm ind Seiton 1984), Th* influence of th* factori
notid ibov* on aab**to*-r*lat*d dlnai* Incidence is not clear. Overall, th*
•villibl* epldeolologlcil ind aninal evidence do not appear to ntabllih •
definitive riik dlff*r*ntl*l for th* v*rlou* types of nbnto* flbiri.

There 1* *vld*nc* to iugg*it a ralatlonihlp between nbntoi flbar dlniniion
and cirelnogtnlc potintlal, Long, thin flberi (>5 nlcroni In length, iipict
ratio >3) appnr to elicit th* griatnt biological reiponn, Howiver, a
critical fiber length b*low which th*r* would b* no carcinogenic activity ha*
not b**n d*aonitr*tid. Flbiri 1*** than S alcroni In length appear to b* ,
capabl* of producing o**oth*lloM* (OSHA 1986, EPA 1986), and th* riiulti of
on* inilyili hive ihown that carclnog*nicity *pp**r* to b* • continued*,
Incrnilng function of th* **p*ct ratio (Bircrmd and P*z«rat 1980), Recint
itudin luggiat that intirictloni b*tw**n fib*r* ind cill lurfacai, In part,
nay alio deteroln* th* couri* of *ib*itoi-r*l*c*d dins** (OSHA 1986), |
How*v*r, th* MchinliM of flb*r/c*ll lnt*r*ctlons ind thiir rol* in dlieii*
cauntlon art not cliarly undiritood, '

4.1,2 NONOCCUPATIONAL EXPOSURE

Inforoatlon concerning che occurrence of aibeitoi*r«latad dlieaie aoong periona
not directly expoiid at the workplac* 1* United. Although a nunber of studle*
hav* provided data that suggiit an nioclitlon b*tw«*n th* occurrence of
aeiothillooa and r**ld*nc* neir aibiico* fictorin or in th* hounhold of in
nbnto* worker (Anderion et *1, 1976, Anderion and Sellkoff 1979, Newhoun md
Thoaion 1965, Wigner et «1. I960), then itudin ar* not Individually
convincing baeaun of octhodologlcal ln*d*quacl*i, Studle* exaninlng
nbeitoi-rilited lung cancir *aong nonoccupar.lonally *xpo**d individual* hav*
not bnn coapleced,

O
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o
A nuaber of «pid*nlologlcal studies have txaalnid th* rclatlonihip between
cancer Incldinc* *nd th* presence of asbestos fibers in drinking water,
Municipal watir for Duluth, Hlnneioti, obtained fron Lake Superior, reportedly
contain* high nbntoi concentrations relicea to deposition of nine tailings
into thi lake, Th* wicer luppllei of several communities in Connecticut, Utah,
and Eictnbl* County, Florid* contain elevated level* of ubeitoi ai a rnult of
th* deterioration of isbestos-ceaenc (AC) water naln* over tine. In the Sin
Frinclsco Bay are* and th* Puget Sound area, lone wetir supplies contiln
elevated concentretioni of aibeitoi of natural origin, High concentratloni of
nbntoi due to extensive Mining operations have been Identified in drinking
wat*r in Quebec, Cinad*. A brief sunairy of icudiei conducted in thne ami
followi ,

Anong reiidenti of Duluth, Hlnnnoti, elevated riik ratioi (Duluth/coopirlion
> group) for Cl cmceri, particularly of th* itoaach, reccua, and pancrnt, hav*

b**n reported (Haion and HcKay 1974, Levy it al, 1976, Slgurdion *t al, 1981).
\^ However, rnult* for thi* cooounlty hive not bun corulicint ovir tine,

j Two •pideoiologic*! itudin wir* conducted on relatively ia*ll populitioni in
Quebec, C*n*d* *xpo*«d to v*ry high concentration* of chryiotll* in drinking
wat*r, In on* of then itudl**, *xuin*tlon of mortality rat** by Uigl* (1977)
r*v*al*d exceii Incldinc** of itooach and lung cancer in nilei and pancraatlc
cancir in feaile*. However, male nor t alley wai likely to hive been fron
occupational expoiuri. Although thi pincre** hi* not been directly lapllcited
•* • lit* of *xc*i* c*nc*r anoclated with ixpoiur* to iibiitoi, it should b*
noted that in SOB* other itudin, peritoneal onothtlloa** have b**n
aiidlignond a* pancreatic cancer*. In the other itudy (Toft *t al, 1981), th*
excen itooach and lung cancan observed ilio wir* likely to b* ***oci*t*d with
occupational •xpoiurei,

A **rl*i of itudl** h*v* *x*nln*d cancer Incidenc* in th* Sin Franclico Bay
Am. Part of th* an* 1* nrvcd by watir containing relitlvely high nbntoi
conc«ntr»tioni, Significant corrditloni (p<0,01) wir* found between
chryiotile nbntoi concentrations in drinking watir and thi Incidence! of GI
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tract md'proitat* cinciri (Kinirek et *1, 1980, Confortl *t *1, 1981, Confortl
1983).

In th* Puget Sound ire*, Pollaiir it *1, (1982) found no convincing
•noelaclon* between high chryiotll* nbnto* concentration* in drinking witir
•nd GI tract cinciri. How*v*r, thi population! itudlid win relatively snail,
No convincing evidence for in Increased cancer riik aoong individual! exposed
to nbntoi In drinking w*t*r wi* found in • subsequent cise-concrol itudy
conducted for • western Hnhlngcon populitlon (Pollnar it al, 1983),

Studl** of thi u*a of AC pip* In public potibl* watir luppllii and GI cancer
Incidence hav* not, in g«n*r*l, provided convincing poiitlv* rnulti (Hirlngton
it *1. 1978, Milgi et al, 1980, Hlllitte et al, 1983, Sadler et il. 1981). In
a critical review of epldenlologlc atudlea re lit id to ingiitlon of iibeitoi,
Marih (1983) noted that one or non ipldtnlologlcal itudl** hav* ihown
•iioclitloni biewnn nbntoi In drinking waeir ind cmcir of th* nophigui,
i touch, loall Intntln*, colon, reccua, g*llbl*dder, pancmi, p*rlton*ua,
lung*, pl*ur«, pro* t ace, kldntyi, brain, and thyroid, a* wall *• leukeala.
However, finding* hav* been Inconilitint and all atudln had nethodologlcil
wnkniin* and llaitatlon*. Th* ooat coanon and loporcmt fl»w« involve the
probleoa In clnilfylng ixpoiur* to nbnto* biciuie population data richer
th*n Individual data wir* typically uied, Connquently, no Individual itudy or
cooblMtlon of itudl** provldn data lultabl* for eitibllihlng ixpoiur* I
guidelln** or riik eitiaatn for Ingeition of nbntoi. N*v*rth«l**i, band on
th* rnulti of a blnoolal probability analyali, Marih (1983) concluded that the I
obnrvid poiltivi aiioclitloni In nal*« ind fiaalei for cinceri of th*
•loptugui, itoaach, pancnai, ind pro*c*t*, w*r* unlikily to b* du* to chine*
alone and thui o*y hav* a biological bail* ralatid to ingeited aibeitoi,
Cancer* of the laell Intiitlne and leukiola war* lapllcated to a l*n*r degre*.
Harih (1983) tuggiitid th*t the** reiult* were convincing enough chet th*y
ihould b* conildirid c*refully in d*v*loplng protocol* for future remrch ind
prlorlti** for ipiclflc etlologlc hypoth**** that ihould b* ciicid to iitibllih
rlik l*v*l* for ingeitid nbntoi,
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o 4,2 NONCAHCINOCEMIC EFFECTS

Three type* of noncirclnogenlc effects ot' aibeitoi cm b* Identified within th*
rnplntory lyitea: (1) in iccunulatlon of flberi In lung clnue, (2) plidral
plaque* and thlckinlng, *nd (3) dlffus* pulnoniry lnt*r*tlti«l fibroili, which
cm lead to dinbllng nbntoili (CPSC 1983), Thi first two of th*ii three
effect* ire generilly coniidered to b* nerkers of nbntoi ixpoaur* but ar* not
aiioclated with idvirie health effects, Thi only ixciptlon 1* pleuril
chickening, which cm lead to dinbllng lung rntrlctloni,

Aibntoiii li i chronic dliine characterized by bmthliimcii ind inpiind
lung function and li associated with functional disability and etrly norcallcy
(CPSC 1983). AsbestosIs, as evidenced by irrigulir opacities in the lung, his

i b**n riporcid in 50-80 pircint of Individual! In groupi with heavy occupational
expoium beginning nor* thin 20 years e*rll*r (EPA 1986), It hi* been noted
th»t In amy clrcuaatancn, flbroil* progreii continued ifter cesiicton of
expoiur*,

O All cypii of nbntoi ire cipibl* of cauiing aibiicosls. Mortality froa
i **b*itoiii is lubitintlel uong occupitlonilly expoied perioni, but hii not

b**n riported uong Individual* not occupatlonally expoied (EPA 1986), This li
btcaui* d*v*lopo«nt of lyoptoo* ch*r*ct«rl*tlc of iibistoiii appiari to nquln

! thi flbrotlc dntruetlon of a aubitantl*! lung voluae, which in turn dipind* on
inhalation of quantlcle* of iibeitoi not typically *ncount«r*d outside of th*
occupational nttlng (CDHS 1986), Then and othir itudin luggeit that
noncircinogmlc dlien* li not of laportmci it expoiur* levels found In
•nvlronmnt*! circuostancn, and that at auch expoium the prlnury rlik
conilderitlon ihould b* c*nc*r rather than nonnalignmc disease.
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o 5,0 DESCRIPTION OF HEALTH EFFECTS IN EXPERIMENTAL ANIMALS

Experlomtil aninal itudin conflrn the Identification of aibntoi-relaced
dlieiiei observed in hunm* (NRC 1984, EPA 1986), In addition, ixperlnentil
inlnal itudin provide Inportmc Information, not available fron huom studies,
on th* dlipoiltlon, clearance, and retention of fibers, as wall is cellular
change* at ihort times ifter exposure (EPA 1986), Unfortunately, one of the
nost laportant questions raised by hunan itudin, that of th* rol* of fiber
typ* tnd size, 1* only partially answered by aninal research (EPA 1986),
Injection and loplantatlon studies In animals have shown longer md thinner
fibers to be nor* carcinogenic thin shorter ones (EPA 1986), How*v*r, the
sli*-d*pendence of th* oovramt of fiber* to onothillal and other tissues 1*
not fully elucidated, and the queitloni r*li*d by hunm studies concerning thi
relative carcinogtnlclty of different nbnto* v*rl«tl*i itill noiin (EPA
1986),

InvMtlgitor* hive lnduc*d lung tuaon, neiocheliona, md flbroil* after
•dolnlatration of *ibiir.oi to anloali by Inhalctlon or by Injection directly
into th* p*riton*un or pleural ip*c* (EPA 1986), Results of bloaisayi In which
aabiatoi wa* Ingeited (I.*,, directly or via Inhalation) are Inconcluiive (NRC
1984), although in a NTP (1984) bloaany a ilgnlflcmt incriif, In benign
epithelial neopliini In th* large inteitin* wai Interpreted ai United evidence
that orally Ingeited chryiotile fibers ney b* carcinogenic (EPA 1985*).

Th* conclusions that can b* drawn froa animal blonaays *r* United becsuse;
(1) in oo»t of th* experinenti only one dole level wai idnlnlitered, <2) the
doie adalnlitered wii not ilwiys adequately characterized (*,g,, fiber length
•nd dl«necer), (3) th* don* w*rt exprened on i mm biili, wh*r*a* fiber
count* would hive bun aor* helpful for purpons of quantitative risk
assesioent, (4) nsny of th* studies *uff*red fron m insufficient nunber of
•xptrio*nt*l inlaili and fron an Inadequate ixpoiure tin* to nbntoi,
(5) itudin were not alway* lifetime studies, (6) survival data were poor or
not reported, (7) ilgnlflcmt information on experimental protocol* w*i
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mining, (8) systematic hlscologlcil examinations war* not performed on all /•>
anloali, md (9) there iri norphologicil md phyilologlcal dlfferencei bitwaen '"'
human* md experimental anlmali thit can mult In difference* in nbntoi
fiber depoiltlon, distribution, retmtlon, md ultimate dlipoiltion, ai will a*
toxicity,

Th* following dlicuiilon preienci only • summary dncrlptlon of th* noit
relevant bloinays,

5,1 INHAUTION BIOASSAYS

Th* flnt uniqulvoctl data thit ihowed a relationship between aibnto*
Inhalation and lung malignancy In laboratory anloala win reported by Gro** et
al, (1967), Then Invntigitor* *xpoi*d 132 nal* whit* rati to a n**n |
concentration of 86 ng/ô  chryaotll* for 30 hour* per w**k for lifetine. Th*
control group conilitid of 55 Ml* whit* rat*, Of 72 rat* lurviving for 16
aonthi or longer, 19 d*v*lop*d idenocarclnona, 4 developed iquaaoui c*ll
carclnooa, and 1 developed neiottwllona. No malignant tumor* w*r* found in 39 /̂ \i
control anlnals, Infomatlon on *v*r*g* lurvlval tin* w*i not available, '

Reeve* *t al. (1971) txpoied rats, rabbit*, gulnia pig*, md hinitiri to |
49 ng/o3 chryiotll*, crocldolit*. or looilti for 16 hour* p*r w**k for up to 2
y**rs. Two iquaaoui cell carclnoou w*r* r*port*d in 31 rat* ncrificed after I
2 y**r* of expoiur* to crocidolite, No aalignant tuaori were reported In
rabble*, gulnei pigi, or haast*r» nor In anloili expoied to ilollar
concentration* of chryiotll* or anoilti, No ditall* of th* pathological
exanlnatlon war* given, and Inforaatlon on aurvival Cine* wii not provldid, In
• l*t*r itudy Mploylng th* IIM *xparlo«ntal protocol, Reevei et il, (1974)
obi*rv*d aillgnmt tuoor* in 31-14% of th* rats that survived 18 aonthi after
expoiur*. Lung cancir md onothclloa* win produced by ixpoiur** to
chryiotll*, nnothdloa* was produced In *oo»it*-*xpo«*d rat*, md lung cancer
wa* produced by expoiun to crocldollt*. No aalignant cuaori war* riportid In
control rat*, Othar ipiclei, Including nbblt*, gulnta plgi, hanitiri, and
girblli, expoied to th*«* iibncoi flbir cyp*i did not dvralop lung tuaors,
Two rnplritory tuaors win found in ale* expend to crocldollt*, but on*
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'I ' control noun had th* sane tunor type, As In the earlier experiment,
Information on survival tine wai not provided, Therefore, It li not clear If a
•Ignlflcmt number of experimental animal* (other thin rats) survived to be at
riik froa lace-developing tumor*,

Scudlei by Reeves et al. (1974) alio Indicate that thin ire ipiclii md strain
difference* In flbrogenlc response, After Inhalation of chrysotile, granulonas
(dlitlnctlve focil lesions foraed is the result of m Inflammatory reaction)
and focal flbroils have been observed In the r*t md guinea pig but not in the
aouie, Th* fibrogenic potential of chrysotile, which hid been substantially
reduced in length and poiiibly altered by milling, wii much less thin thit of
the anphlbolei, Moreover, itudin by Lee it al, (1981) ihowed a direct
rilatlonshlp between doitg* of flberi md developnent of fibroili in thi rat,

' wh*r*n !•*« pronlnenc changes occurrid In th* hiniter md guinea pig,

W«gn*r et *1. (1974) coopered the carcinogenic effect of five different UICC
(Union Internationale Contre 1* Cancer) aibnto* iinplei (I.*,, aaoitce,

'>._ anthophyllit*, crocldollt*, Canadian chryiotll*, md Rhode*i*n chryiotile),
Ulitir SPF rati win expond to th* fiv* UICC aibnto* fiber **opl*i at

f concmtrntloni froa 10,1 to 14,7 mg/m3 for th* different fib*r types, Expoiure
wii 7 houri/diy, 5 day/week for 1 day or 3, 6, 12, or 24 nonthi, All of th*
anloals wir* followed for llfeclne. Survival tloi* w*r* not ilgnlflcmtly
affected by expoeur*. All flbir type* Induced admocarclnoaa md iquamoua cell
carclnona in th* lung, Incldmc** wir* 11/146, 16/145, 16/141, 17/137, md
30/144, for th* rnp*ctlv* fiber typ**, Heiothelionai wir* alio Induced, No
tunor* were found in control mlnali, In general, tunor Incidence Increased
with length of expoiure, The developnent of aibaitoili, wai alio docuoentid,
However, it wii found thit aninali with lung tuoori had no evidence of
aibistoili, or they had t ainlnal or *llght can of «*b*itoiii, Wagner *t al,
(1977) alio coopand th* iffects of Inhalation of a superfine chryiotil* to th*
offecci of Inhalation of a pur* nonflbrou* talc, One idenocirclnoni wai found
in 24 CO Wlitir rats expoied to 10,8 ng/a3 chryiotll* for 37,5 hour* per week
for 12 nonth* md obnrved for 24 aonthi, No tuaor* win found in control
mlnili expoied to nonflbroui talc,

O
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Divli *t al, (1978) expoied Wlscar SPF rati to 2,0 or 10.0'ng/m3 chryiotile, —^
croeldollte, and laoilte (equlvilcnt to 430 to 1,950 f/al) for 35 houn/wiik '
for about 45 weeki, Anlnali wir* sicrlflcid at 29 month*, Twenty pircmt of
th* anlnali expoied to th* high concentration of chryiotlli developed malignant
lung tuaori. One out of 40 anlnali exposed to th* low concentration of
chryiotll* developed • pirlcon**! neiochellom*. Neither anoilti nor
crocidolite Indund millgnint lung tuaors In th* rat*, However, on* animal
expoied to th* low crocldollt* concentration did develop a pleural
nasochelioma, No tuaori were found In control mlaeli,

5,2 INCESTION VIA INHALATION
i

Inhilatlon expoiure* rnult In concomitant GI axpoium froa aibnto* that li
iwillowed after cliarmc* froa th* bronchi*! tr**, Although all inhalation •
experlaenti wire focund on thoracic tunori, thoi* of Wigner *t «1, (1974),
Davla *t *1, (1978), md, to a United *xt*nt, Cm* *t al, (1967) alio I
included • snrch for tuaors it extrithoriclc iltii, A United nuober of th*s*
tuaori war* found, but no aiiociatlon could b* nadt with nbntoi expoiur*, ^ •
Th* abience of algnlflcant carclnogmic effect* in th* Cl tract froa nbntos -̂;
•xpoaur* In anlaali, in contrait to thon *ugg**t*d in hunans, oay b* th*
nsult of th* limitation* of thn* bloiiiiyi (dncribed above), th* uia of I
inappropriate inloal aod*li, unadjuitid dlff*r*nce* in th* aannir of
characterizing aibiitoi expoiun (PCM for inhalation itudlii virsus TEN on '
liquid* and solid* In th* mlaal itudl**),' or dlffirincn in th* nechanisa of
action,

5,3 INGESTION BIOASSAYS

A nuob*r of lnva*tlg*tora hav* *tt*opt*d to indue* gaitrolntntinal tuaor* In
mlaeli by edalnliterlni; oral doie* of aibiitoi (Groii *t al. 1974, Glb*l tt
al. 1976, Cunnlnghtt et al. 1977, Donhaa et al, 1980, Soith et al. 1980). Thus
far, these studies have yleldid negative or equivocal reiulti, The result of
three National Toxicology Prograo bloimyi (NTP 1982*,b,c) win alio negative,
when** th* rnult* of th* NTP (1984) bloiiny hav* bun lnc*rpreced a*

(J



(p) providing limited evidence that Ingested chryiotlle asbestos fibers nay be
circlnogmlc,

Th* rnult* of • nrlei of feeding experiments with different sources of
chryiotile md crocldollti were reported by Grosi et *1, (1974), This paper
Incorporated data froa unpublished results of various studies conductid by
three laboratories, Animals fed asbiitos by gavage in butter or margarine for
up to 21 months failed to provide evidence of * carcinogenic effect. Th*
•xptrlaints wsr* flawed for th* following reasons; Th* nunber or rats In the
experimental group* wes snail, the doses of asbescos were United, ilgnifleant
Info mac Ion on experimental protocol wa* missing, md systemic hlstologlcal
examination wa* not performed on a ilgnificmt nunber of riti (Condl* 1983),
Furthermore, dlfferencei In the sanple handling and analytical ttchnlqun
aiioclitid with characterizing a solid oatrlx In terns of potential expoiur*
nay not have been adequately considered, Glbel et al, (1976) reported m

| incrnn in aalignant tuaor* of th* lung, kidney, liver, md
retlculoendothelial syscea In rat* fed aibntoi fllcir nat*rl*l containing

'f~*\ chryiotll*, Th* control group hid a dollar Incidence of liver tuaor*. There
wn no Inert*** in Intntlnal tunor* in either th* control or trntomt group,
Filter oaterlal containing chryiotll* wa* adalnl*t*r«d *t 20 ng/day for

' lifetine, Th* fllt*r naterlil wa* coopond of lulfatid celluloie, a
condeniitlon rnln, md chrysotil* aibiitoi (531), No Infonutlon wn provided
rigirdlng th* *lz* and ihipe of the nbeitoi flberi that wire Incorporated In
the filter oaterlal, The authori itatid thit no concluilon* could b* nidi fron
thiir t**t rnulti regarding th* pathogemil* of thi tuaori ciuiid by th* oral
intak* of nbiitoi nicer1*1. Thi rilatlonihlp of thli itudy to aibeicos
circinoginlclty wii alio confounded by th* presence of **v*r«l lubitmcei in
th* filter oaurUl, which wir* not cliarly identified (Condl* 1983),

Donhan et al. (1980) reported equivocil rnulti in • lifetime nt fndlng itudy
uiing a diet containing 10* chryiotll*, Bacaui* of th* high livel of aibnto*
In th* f**d, a nonnutrltlv* celluloie fiber control group wti Included. In
thli study, only th* colon and reccun w*r« exialned nlcroscoplcilly. Thr**

1 colon tunor* wir* found in both creaced and control groupi, Oni neiocheliona
wai found in thi triatid group, Then wii evidence of penitritlon of aibeitoi
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into th* c'olonlc nucoia and possible cytotoxiclty to th* co Ionic clituei, which /•*),
thi lnv*itlg*tor* luggiitid nay b* related to Induction of peritoneal '"'
neiothellon*,

Cunninghaa at al, (1977) conducted two United feeding itudl** wlch male Wlicar
rat*, Chryiotil* aibeitoi (1% with 51 corn oil) wai addid to rat chow and fid
to the anlnali for 24 or 30 nonths, In che flrit itudy, 10 rati
were ixpond to aibeitoi, Six of th* seven rat* tutopilid were found co hive
tuaori, whireii only on* malignancy wa* obierved In ch* control animals, In
th* larger study of 80 anlnala, equal number* of malignant tuaors war* noted In
th* expand and th* control groupi. Th* author* iticid chat tree* aaount* of
aabncoi cm penetrate th* walla of the g**trolnt«*ttn*l trice, but *vld*nc*
chic nbntoi cauni cmcir by thi oril rout* of •dalnl*tr*tlon w«*
inconcluilv*.

Solth *t al. (1980) nported that anoilti «dalnist*red co oal* md final* J
haoittr* via their drinking watar did not ilgnlflcmcly incriin th* tncidinci
of c*nc«r. Aaoilt* wu *dnlnistir*d in drinking water at conc*ntr*cion* of s-̂ \
0.3, 5, md 50 ag/lit*r for a icudy duntlon of 23 aonch*. Control anloal*
ric*lv*d fllnnd drinking watir, In th* low md lnt*ro*diac* aaoilti expoiure i
groupi, four ailignmt cuoora (on* lung carclnooa, two «ton*ch iquaaoui cill
circlnonn, md on* p«ritone*l Miothelloaa) war* found, How*v*r, no
aallgnanci** w*ri Identified in Che hlghnt cxpoiuri group, ai.L th* author* did
not aecrlbue* th* obnrvcd aaligruriciei co the nbnto* ixpoiur* became of thi
abiinc* of a conilitint doie-reipenie gradient.

Finally, McConnell it al, (1983a,b) reported on a nunber of *tudl*i conducted
by th* National Toxicology Progran (NTP 1982a,b,c, 1984) in which busters ind
r«t« w*r* fid di*t« containing different typn of nbnto* fibers at 1% of th*
dl*t for Ch* UfcclM of th* mioal*. itartlng with the nother* of th* teic
•nloal*. In Ch* NTP bloimyi <1982*,b,c), han*t*ri were given aao*lt*,
short-rang* chryiotil*, »nd lnc*ro*dl*t« rang* chrysotilej F344 rat* wire given
aawilt* and erioolic* (nonfIbrous), Hioitir* given chryiotil* had an Incrni*
In adrenal cortical tuaori md F344 raci glvm inoiite h*d Incrnnd lncid*nc*s
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of C-cell'carcinomas of th* thyroid and aonocytlc liukinia, Non* of these
tuaor* wer* considered trntomt related,

In th* NTP (1984) blomay, n*le rats ingntlng Intirntdlit* rang* chryiotlli
flbiri at It In th* dlit for llfeclae, itartlng with the daai of th* test
•nlotli, h*d a ilgnlflcmt incnan in benign •plchdlal neoplasms in the large
intestine, Thli wai interpreted as United evidence that Ingested chrysotile
asbistoi fibiri oiy b* carcinogenic (EPA 1985*),

O
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6,0 DOSE-RESPONSE ASSESSMENT

When bind on hunm data, risk assessments an typically derived fron studies
of human populations in which it 1* not possible to pr*-**ltct th*
participants, accurately establish the levils of expoiure, or control for
outild* fictori (e.g., presence of other contaminants), When bsstd on animal
bloanayi, luch assessments era typically derived fron high doie, short-term
expoiure studies, not the low dose, long-tern expoium fron which criteria are
lit, Rlik aisessment thui frequently requires extrapolation between different
rout** of administration, extrapolation froa aninal to hunm *ffeccs, md
•xcnpolatlon fron teit groupi to th* population at Urge, Deiplce luch
uncirtalntlii, rlik aiminint cm provide • quantitative eicimate of health
rliki to thi general population md permit th* eitibllihnent of itandardi or

I action level* for controlling expoiur*.

(̂  Then i* general agmnmt on do***r*iponi* nodeli for lung c*nc*r md
onothilioo* in • number of publiihed qumclcatlva riik •innnint* for

i nonoccupatlonal or low-level ixpoium to aibntoi, md iloilir rlik eitlnatei
win g«n*rally r*l*t*d to nlectlon of th* specific itudin considered in each
risk isnisainc, It ihould bi notid that ion* Inviitigitors (ORC 1984, ACA
1979*) calculatid riik iitloacii uilng data fron individual occupational
icudles md preienced thi rnulti •* * range of th* individual results

' obtalnid. Other investlgitors (EPA 1986, CDHS 1986, CPSC 1983, NRC 1984),
however, iitloitid rliki it lowir exposure levels by using average riik
eitloat** band on • number of epldenlologlcal itudl** of isbestos-ixposed
workers, Thia approach wii und, In part, because of th* gnat uncertainty
regarding ch* identity, physical structure, md other chiractirlitlc* of
aibeitoi In both occupational settings md unstudied nonoccupacional settingi.

6,1 IHHALATIOH

EPA (1986), In the Airborne Asbestos Health Assessment Update, described
, "'• developnencs In studies of nbnto*-related health iffeccs since 1972, In
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•ddltlon, 'th* potmtltl exces* cancer risk* assoclacid with Inhalation of /*\
asbestos flbiri it conc*ntr*tlon* ibove bickground in nonoccupitlonil
•nvironaenc* w*r* quantified, Th* following discussion ti bind primarily on
th* finding* pnnntad in th* Health Aiieiiamt Update,

To obtain doii-rnpon** eitlnacei at current or projected envlronnencal
aibnto* concintrationi, It 1* neceisary tc extrapolate fron epldemlologlcal
data on deachi multlng froa expoiurei to considerably higher concentration!
of iibeitoi in th* workplace. In thi Airborni Aibeitoi Health Aiienmenc
Update, EPA (1986) uied linear expoiure-response relationships to eicimate unit
risk* (c*nc*r potency factor*) for lung cmnr md meiochelioma, and to
calculate exceii cmc*r rliki at cuoulitlv* expoiurea 1/10 and 1/100 of thoi*
•itln*t*d for occupational letting!,

Several epldenlologlcal itudl**, which cooper* lung cmnr mortality to Ch*
cuaulaclv* total duct ixpoiur* (typically a**iur*d using optical nlcroicopy I
cechnlquei and nported a* oppcf-y or f-y/al) In aibntoi workplace* (D*a*nt it
•1. 1982, Hmderion ind Entirlini 1979, McDonild *C *1. 1980, 1983*.b, /-N|
Flnk*l*t*ln 1983, Seldom 1984), provide itrong direct evidence for llneirlty
of r«*ponii, it l***c within ch* rang* of occupational ixpoiuri l*v*l«, i
Although ch* eaplrical data for niiothelion* ire nor* limited, th*y alio '
suggnc a linear do*e-mpon** ralatlonahlp (Jone* *t *1. 1980, Hobb* *t al,
1980, Flnktliteln 1983). Furth*rnor*, for chioreclcel reiioni r*l*t*d to th* '
phyilcal Interaction of nbntoi with cargit celli, lineir nonthrnhold
doii-riiponii rilatlonihlp* are likely for this elm of micerlal*
(SchMiderman »C al. 1981).

Uilng a nlatlv* rlak oodel for lung c*nc»r md a linear doie-responie
nlaclonthlp with no evidence of a threihold, the incidence of lung cancer cm'
b* txprened (EPA 1986) a*

It (a.y.t.d.f) -IE (i.y) [If KL x f x d]

whir*
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(| ij_ (*,y,t,d,f) - lung cancer Incidence obnrvtd or projected in a
population of age i, obnrved in calender period y, at t
yeirs fron oniit of asbestos expoiure, md at average
expoiure intimity f;

IE (•i?) • *S*' tnd s*»-«nd*r period-ipeclflc lung cancer Incidence
expected in thi absence of expoiure;

KL - carcinogenic potmcy expressed n the fractional
Increne In lung cmcer riik per unit of cumulitlve
•xpoiurt in flber-year/allllllter (f-y/nl);

f • Intimity of expoiure to all aibiitoi fibers longer thin
5 nlcroni (f/ol) as nniurid by optical nlcroicopy; md

d - duration of expoiure up to 10 yean fron obitrviclon of
cmnr (t, th* time froa oniit of nbntoi expoiur*,
ainui 10 y**r* to allow for • nlnlnuo latency period),

i
According co chi* nodel, excen riik of lung cmcer froa nbntoi expoiure 1*
proportional to thi cuoulitlv* expoiure (duration x intimity) md th*
underlying rlik in thi abnnce of ixpoiur* (e.g., making itrongly Inf lumen

^ th* underlying rlik), Thi cine courn of lung cmnr 1* decerolned prlaarily
>—'1 by thi tlai courn of th* underlying rlik, If looking data ir» available, IL

and IE can b* looklng-ipiclflc incidmc**.
i

BICIUI* oiiothilloo* 1* very rare In th* g«n«r*l population, an abiolutt
j rlik aodel 1* ooit appropriate for quantifying the doie-reiponii rilatlonihlp,

Uilng m ibiolut* riik model for oiiothillooi md i linear doii-rnponi*
rilitionihip with no thmhold, th* incidence of miothillon* for varying tine*
of txpoiur* cm b* ixprmed (EPA 1986) n

IH (t,d,f) - KH x f |(T • 10)3 • (T • 10 • d)3] for T > 10 t d

- KM x f (T • 10)3 for 10 + d > T > 10

• 0 for 10 > T

whir*
i

IK (c,d,f) - niiochellomi incldinc* it t y**ri fron omec of txpoiuri,
! for duricion d, at concmtratlon f;
t

KM • carclnogenj.c potmcy expreind 11 thi incldinc* of
(^j neiothilicn* per unit of ixpoiur* in f-y-ynl;
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f - Inemilcy of expoiure to all iibncos f iberi longer thin 5
nlcrom (f/ol) n oiaaund by optical alcroicopy;

T • tin* after fine expoiure In years; md

d - duration of expoiun In yean,

According to thli model, th* rlik of deith fron nnothillon* i* proportion*! to
th* cuoulaciv* ixpoiur* to asbestos and Increases in proportion to th* third
pow*r of tin* after onset of expoiuri, It 1* Independent of age md cigarette
looking,

EPA (1986) u**d data fron 14 epldealologlcal itudl** to calculate potency
factors for lung cmcer (KL, thi fractional incriai* in riik p*r f-y/al
•xpoiur*) *long with eicloaeii of itaclicicil variation, •djuicamei for
poiilbli bin**, md eiclnacei of unc*rt*intl*i aiioclatid with ixpoiuri
d*t*raln*tlon», Th* confidence intervals inoclitid with KL iitloac** for |
individual acudl** *re wid*. Th*** unc*rt*lntl** an prioarlly th* mule of
uncertainty In exposure nniuriamt* md nptclally icaclaclcal variability £">!
•iioclitid with io*ll die* iiti, Expoium to anphlbol* aibntoi, chryiotll*
aibiicoi, md olxcura* of nbntoi flb*r type* w*r* varlouily anaiyzad In th*** |
itudin. Low*r unit rliki in gtmrally iiioclicid with chrysotll* nlnlng md '
nilllng end to a limr *xt*nt with friction produce omufacturlng coap»r*d .
with othtr ainuficcurlng proceiiii *v*lu*t«d, Thai* rnulti a>y r*fl*cc
diff*r*ne*« in fiber size dlitrlbutloni before md »ft*r aibncoi procniing
opirstlon*, Th* gionitrlc aim valu* of KL for th* 14 itudin evaluated 1*
0.0065 (f-y/nl)'1: th* gioattrlc n**n vilui of KL for all icudiii ixcipc alning
and ollllng opariclon* (11 Individual itudl**) 1* 0.010 (f-y/al)'1, Bccauit
alning and Billing ixpoiurii ar* likely to b* 1««* typical of chon experienced
in th* •nvlronoent, EPA (1986) nlected thi v«lu* for KL of 0,010 (f-y/nl)'- a*
th* but *itio*t« for *nvironn*nt*l aibiitoi ixpoiur**. Th* 951 confidtnc*
Haiti for this valu* ar* 0,0040 md 0.027 (« nulclpllciclv* factor of 2.5)
band on malyili of varlanc* in th* 11 itudin froa which th* KL wai
calculated, The 95% confidence Holt* for KL chat Bight b* appll*d in my
unitudiid ixpoiuri clrcuoitmci *r* eitlaacid to bi a multiplicative factor of
approxlnatily 10,
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o
Four «pld*nlologlc*l icudies provided quantitative data suitable for
calculation of potmcy factor* for niiothillon* (%, ch* Incidence per f-y3/nl
exposure) , md a nuaber of other scudies provided corroboritlve but l*ii
preclii quantitative data, These studies also considered expoiure to amphlbole
iibntoi, to chryiotll* asbestos, and to mixtures of asbestos fiber types, The
ratio* of A neisure of nesothelloma rlik to excen lung cancer riik were found
co b* approximately equal for cheie icudles, suggntlng thit th* same factors
thit iff ict KL ilio affect KM> However, other studies suggest thit KM my be
greater anong groupi exposed to substantial quantities of crocidolit* than
aaong group* expoied to other fiber types, In addition, th* risk of peritoneal
miothilion* ippiiri to bi lowir fron expoiur* to chryiotile chin fron ixpoiuri
co ilchir crocidollce or amoiice, although mlidlagnoili of thi diinii nay b*
•n laportant coniideratlon, Finally, incldmc* rat** for aeiothelion* Increii*
nor* rapidly with clni froa fine expoiure chin thai* for lung cancer, E*rly
•xpoiur** *r* therefore note loportmt In decernlnlng llfeclne rliki, although
effecti ar* ooitly txpacted lacir In life. After conildencion of the** md
othtr fictori, EPA (1986) calculand m avtragi v*lu« for KM of 1,0x10""
(f-y3/nl)"1 fron tht aviilibl* epidemlologlcil icudies n th* belt ectloac* for
*nvirona*ntal expoium, Although it wn not poiilble to deteralne directly
th* 951 confidence Halt* on KM, a oultlplicaciv* factor of 5 wai eitlnaced for
th* av*rag* vilue of KM, and a aulcipllcaclv* ficcor of 20 wn eitinaced for
iti ippllcition to my un*tudl*d ixpoiurt circuaitmct,

Uilng • relative riik nod*l for lung cincer md m abioluce rlik nodel for
neiocheliona wlch th* appropriate potency faccor* (KL md KM), EPA (1986)
cilculidd but ntinatii of riiki resulting fron continuous expoiures to
0,0001 or 0,01 f/ol nbnto*, Th* vilun for continuoui ixpoiuri w»n derived
by nultlplylng risks obtilnid froa occupitlonal exposure data by 4,2, th* ratio
of totil hour* in a w**k to 40 hour*. Th* valu* of 0,0001 f/nl Is typlcsl of
urbm aabienc air md 1* equivalent to about 3 ng/n3, Th* value of 0,01 f/ml
(300 ng/n3) hai been neaiurid in iiviril invlronaental ixpoiur* circunicancei ,
Menurinenti of invlronaental expoiuri r.o aibncoi an lummirlzed in thi
Alrborm Hi*lth Aiiiiinmt update prepared by EPA (1986),
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Thi cilculatid llfitlmi rliki of lung cancer md nnothilloni for varloui tin (*""])
period* ar* ihown In Tabl* 6*1, Rliki fron longir or shorcir expoiure* md
froa concmcnelon* oth*r chin 0,0001 or 0,01 f/al cm b* eitlmicid by directly
icillng chi date pmintid. Th* calculation* ui* i lificibl* approach In which
th* population at risk li continuously decreaied by it* calculated norcallty
froa all cauiei. Dlff*r«nt ovinll norcillty ricei for inokir* and nomaokeri,
** will •* for nal** md femalei, rnulc in diff*r«nt eicimaced niiochilioni
rliki by looking and g*nd*r, Although EPA (1986) priienced both
inoklng-ipeclflc and general population riiki In thi Aibntoi Health Aiiiiinmt
Updaci, only general population rtaki in ihown in Tibli 6*1,

Th* rliki ihown In Table 6-1 an bait iitlnatii for inhalation ixpoiuri to
flbiri releand froo • virlity of nbntoi producci uiid In ch* United Stacei. i
Th* 93% confldenc* Holt* on th* rlik ntloata* would bi 0,1 md 10 tlnii thi i
riportid valu** for lung cancer md 0,05 md 20 tin** th* reported values for
Miothellooa. A* noctd ibovi, how*v*r, th* r*portid bent •atlaic* oay |
undameloac* th* onothillooa risk assoclatsd with iiroioli contilning
pridoalnantly crocldollt* aibiitoi. In ion* pur* chryiotll* ixpoiure £~1
clreuMtance* (*.g., nlnlng md ntlllng), eh* rlik nay b* ov*meln*c*d.

Th* risk iitlnatii prinntid in th* Aibiicoi H*»lth Aiiiiioent Update conpan '
renonably wall wlch mule* ot othir publlihid quantititlv* rlik nelnitii for ,
nonoccupatlonal or low expoium Co iibeitoi (NRC 1984, CPSC 1983, ORC 1984,
Schniidirun it *1, 1984, ACA 1979a,b), There 1* geniril agrieatnt on th*
nodeli conildered ipproprliti for estlaatlon of lung cmcer md a**och*llooa
rliki, *nd dlff*r*nc«* generally were due to che choice of acudle* consldand
(Schnilderam *t al. 1981, ORC 1984, CPSC 1983, NRC 1984, Doll and Peeo 1985,
OSHA 198$), 1C alio 1* g*n«rally agrnd ehae *11 vlsk eitlaate* for
envlronaent*! expoiure Co aibeieoi oust b* uiid ciuclouily biciuie of eh*
uncertainty uiocl*e«d with *xcr*pol«clon froa high occupational level* to much
low*r aabient levels, dlfflcultlii iiioclatid wlch convirting b*ev**n different
nethod* of a*»iurinmc, varloui problem aiioclitid with Inetrpretatlon of th*
iviilibl* nidlcil data, md thi pottntlilly nonnprnmtaelv* nacun of th*
available expoiur* ntlnatn,
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An *lt*rna'tlv* method of calculating rlik uses the unit riik concipt, EPA
(1987*,b) und th* Intonation fron T'A (1986) to calculate e unit riik, which
will yield th* exceii cmcir rlik whin multiplied by ambient concentration!,
EPA (1987a,b) inuand thit rliki of neiochellom* md lung cmcir win additive,
th*t th* population wa* 511 female md 491 male, chat occupational axpoiur*
could b* converted to mvlronnmt*! expoiure uilng ratio* of worker-to-general-
population breaching rat**, md that a conversion fictor of 30 pg/n-1 - 1 f/nl
w*i acc*pt*bl*. Thli yielded a unit rlak of 2.3186x10'- (f/ml)'1 for
conclnuoui llfeCtme expoiure,

6.2 INCESTIQN

The icimtlfic literature on health effecti resulting fron asbestos Ingiitlon
U not •* will developed ** thit for isbestos Inhalation, V*ry f*w itudlei
w*r* found In th* *vall*bl« llceriture th»t Invntlgatid toxic, noncmcir
effecti following Ingestion of iibescos flbiri (EPA 1985*). Seudlii of whether
Incrnnd cmcir Incidence occuri due co direct iibeitoi lng**eion Include
anlaal ingiition scudiai md ipldiolologlcal itudlii of ingntlon of aibntoi
In drinking watir, In addition, ion* Inhilaclon itudlii hav* comid*red chi
ingeitlon of aibntoi ai a iicondary rout* of expoiure following Inhilation,
Clvm th* lick of concluilv* evidence in ingntlon itudl** md th* ponlbl*
link b*tw**n inhalation and Ingntlon, a rlik iimimint for aibntoi Ingntlon

' must consider ell available alt*rn*tlv«*. Such • riik ainnnint could be
bind on hunm Ingntlon itudlii, enimal tngeitlon itudin, hunm icudiei of

I Ingntlon vi* Inhalation, md miail itudlei of Ingntlon vl* Inhilaclon,

6.2,1 HUMAN INGESTION STUDIES

Methodological wiaknna** md limitation* found in ipldemlologlcal itudl** of
aibncoi Ingntlon In drinking water lead to th* conclusion that no Individual
study or iggrigitlon of itudin ixliti thit would iitibllih rlik levels froa
Ingisted iibiicos in drinking witir (Marsh 1983). Thi noit nrloui d*ficl*ncy
In the Cillfornli Biy atudy which found • poiiible niocUtlon b*tw**n aibiicoi
In drinking watar md cancer Incidence (Confortl 1983) we* th* lubitmtial

• problem in clniifylng ixpoiur* beciuse population data rather than individual

t
I
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data wet* uiid. Epldinlologleal itudlii ilio lick variability In expoiure f\
liveli, cheriby conpllcitlng d*v*lopn*nt of don-reiponn reliclomhlpi, Th*
aiioclaclon obiirved in ch* California Bty itudy wai not confirmed In th* Pugit
Sound can-control typ* itudy which, unllk* th* California itudy, Included
iiiiiinent of expoium md outcon** for Indlvlduil* rather than populations
(Meek 1983). There ar* no itudl** relating upca!;* of asbestos In hunam
through pica or oth*r route* of *xpo*ur* by ingntlon to the Incidence of
nbeitoi-relicid dlieaie, Bind on chi available data, there appears to be
imufflcimt evidence froa hunan Ingeitlon scudlei on which to bin a rl«k
aiienninc.

6.2.2 ANIMAL INGESTION STUDIES

Th* bulk of th* evidence contained in Che publiihid icudiei indlcatei that thi
long*tin, high-level expoiun to virioui typii of nbntoi fibin filled co
produce my deflniee, reproducible, org*n-ip*ciflc circlnogmic *ff*cti in
iniaali (Condl* 1983), Although coaparlion* bitwnn itudiii an coopllcacad by
different anloal icrilni utlllnd, different don levels or exposure /*-\ j
conditions, md dlff*r*nt cypii of nbeicoi *oploy*d, eh* majority of th*
aibiitoi Ingntlon itudin wire aleher mgaciv* or equivocal in *«c*bli*hlng • l
c*nc*r effect. Drawback* to many of th* itudl** include Iniufflclmt nunb*r of *
ixperlaentil minal*, inadequate expoiur* tin* Co aibiieoi, md Inadiquaci .
charace*rlz*clon of eh* phyalcal fora of ch* tibeicoi adnlniiterid. ]

Dnplt* ch* failure co eitabllah • carcinogenic effece unequivocally, • recent j
NTP (1984) bloniiy found evidence of Increend Incldinc* of benign epithelial
neoplua* In oale raca following onl Ingiiclon of chryiotll* fiber*. Th*
itudy mult* *r* dncrlbed aor* fully In Section 6,3, Then reiulti w*r*
Innrpnted by EPA (1985a) ai llaitid evidence chat lng**t*d nbntoi fiber*
nay b* carcinogenic. A risk aasasiiunt bind on tht NTP (1984) blomay was
p*rfon*d by EPA (1985*) md *ub**quencly adopttd a* th* biili for ntibliihlng
• aaxlouo contiolmnt level goal (MCLG). Th* rlik iiiiiinmc 1* pr*iented in
Sieelon 6,2.5.
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O 6,2.3 .HUMAN STUDIES OF INGESTION VIA INHALATION

Huam itudti* of worker* txposid to airborne aabeicoi unequivocally denoni crate
m exceii of giitrolnteitlml cmcer in lone of thi group* lurviyid (EPA 1980) ,
A likely route of expoiur* to thi giitrolntiitlml tract fron luch ixpoium li

1 froa th* fiber* cleared froa th* lung md bronchial tract and iiibkiqunncly
iwillowid (EPA 1980), Uilng intonation on ilrbome *xpo*ure* to workers, it
li poiiible to ntlnit* m ipproxlnit* expoiuri level to thi giitrolntntinal
tract fron ntioat** of airborne aabeicoi conc*ntr*tlon* ,

Two organization* (EPA 1980, NRC 1983b) havi bind rlik iitinatii for asbestos
Ingntlon on huaan Inhilaclon itudl**, Both itudl** wire reviewed recently
(EPA 1985*) a* part of th* EPA developnent of drinking water crltirli for
aibiitoi, Th* u** of huaan Inhilitlon itudlii for rlik nieiimnt ii
•ppropriat* becaui* they provided lufflclmt iclmtlfic evidence In coapirlion
wlch Ch* Halted evidence found in direct Ingeitlon studies. Section 7,2,5
•Risk Assenomc" will lumurlz* th* NRC (1983b) inilyiis •* th* reconaended

\ nodel for eicioaclon of hunm riik inoclited with nbnto* ingnclon.

6.2,4 ANIMAL STUDIES OF INGESTION VIA INHALATION
I

Sine* ion* evidence 1* prennted in huaan inhalation itudlii for a cornlicion
' bicwnn aibiicoi inhalation md incnuid GI trace cmnr inciudnc*, it ii

miombl* to evaluate th* uiefulnm of anlaal Inhalation itudl** In
conducting • (rl*k aiiiiinent for nbntoi Ingntlon, Arguaint* for the uii of
luch itudin an that (1) they provide another nethod of rlik milyili md
tourc* of risk ncloatii, (2) eh*y allow calculation of riik whll* *lloln*cing
nany of ch* uncereelncle* inherinc In ipldialologlcal itudin , and (3) they
•How (valuation of th* validity of anlaal-to-huam rlik *xtr*polatlon*. Glvm
th* abnnc* of lignlficant circlnogenlc effecti In th* GI tract following
Inhalation of iibeitoi by anloali and th* avilliblllty of human inhalation
data, anioal inhalation icudlei will noc be utilized In the risk iiieiinent for
nbiicoi lng»*tlon,
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6.2.5 RISK ASSESSMENT o
Two rlik aiieiiamti will bi evaluated, Thi flnt iniiiainc li bind on •
1983 Nitlonil Rniarch Council itudy (NRC 1983b) In which a nodil to pndlct
ch* rlik of GI cmcir rnultlng froa aibeitoi Ingntlon In drinking water wii
pr***nt*d, Thl* rlik aisenaenc wii reviewed In 1985 by thi EPA In iti
divelopuent of drinking watir crltirl* for aibeitoi (EPA 1985a), Th*
mchodology for thli rlik iiiiiiaent aisunii Ingntlon following InhiUtlon md
1* band on converting the obnrvid rlik of GI cinciri in aib*icoi workiri to
rlik of GI cancir froa ingntid iibiito* flbiri. Th* iicond rlik *n**ia*ne li
bind on ehi 1985 EPA milyili Co dirlvi drinking wicer drift criciri* md a
propond drinking water HCLC. Th* 1985 EPA assinaint wii bind on m
ixtripolatlon of m anloil Ingnclon study conducted by NTP (1984). Th* NTP !
icudy had found m incrna* in b*nlgn •plth*li«l mopliimi in ail* racs
following lng**elon of chryiocll* fibers. NTP concluded that ch*** mules i
tuggiic that ch*r* was "SOB*" *vid*nc« of c»rclnog*nlclty in oal* rat* expend I
to Inciraedlan rang* chrysoell* fib*rs, Th* r**ulclng criteria were
lubiiquenely adopted aa the bad* for eh* MCLG by EPA, (j./|

In order co evaluac* eh* 1983 NRC risk aniiinint, • nuobtr of itipi ihould b* |
clearly diitlnguiihid;

f
Scan -^ Maagufaiianc ot DPI* and Adoption of Rtek Model

Th* semdard llmar do««-*ff«ct aodal oay b* wrletm

RR • 1 + a(don)

wh*r*

RR • r*l*elvi rlik for total GI cmcir*;

a •' comeane (incms* rdaclv* risk p*r unit cuaulaelv* do**); md

dos* - Intimity x duration - (f)(y)/al [f - nuabar of fiber* deeeceed
by light alcroicopy (I.*,, longir than *pproxlnac«ly 5 aicrom),
md y - duraclon In yein].

- o
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c

A llneir don-effect nlatlonihlp for lung cmcir md ixpoiuri to asbestos wii
aoit clearly ihown by remits riporcid by Henderson md Entirllm (1979) , For
GI cancers, few data have been publiihed to eicibliih or refute linearity, even
it high doies, There li • theoretical argument (Crump et al, 1976) that
suggests thit cmcir Incldinc* ihould vary approximately linearly with don for

• low don* particularly when there 1* m appreciable background of
carcinogenicity in unexpoied populations, In this can, thi aiiumpclon of i
llmar relaclonihlp between Cl cmcer md low do** expoiure to aibncoi appears
reasonable,

Step 2. Conversion of Inhaled Don to Inn*C*d Do»e

Sine* th* excm GI cmcir* in the workiri *r* »iiuaid co bi cauiid by eh*
nbiicoi flbiri ch*e the** workeri iwillowid richir thin inhaled, che don
cilculeted in St*p 1 au*C b* converted co fibers iwillowed, NRC eielaated
that;

Breathing 1 fib*r/al for 1 y**r - 588x10* fiber* iwillowed/year

whir*

588xl06 flbiri iwallowed/year - 1 fiber bmth*d/al x 10* nl/n3

« - 8 n3 *lr br**th*d/d*y worked;
b • 5 day* worked/week;
c « 49 week* worked/year; md
d - 0,3 flbiri iwallowid/1 fiber brnthid.

Th* valu* of 0,3 flbtri iwillowid/1 fiber breithed i* bind on animal studies
(Morgan et al. 1975) md eselaicid for humim (Dement 1979), Th* EPA rlik
niiiinent eo dcrlv* aablenc wac*r quality crltirla (EPA 1980) uied * ratio of
1,0, Although EPA recognized thac thl* o*y b* an ovcmtlait*, EPA concluded
that chli nay be percly office by fibirs ch*c art *w*llowed direccly, Th*
ficcor uied by NRC, which doei noc allow for direccly Ingeited nbiicoi, li
aori cloiely tied co current icimclflc dati,

«•"
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Step 3. Conviralon n* Miiabar of Ftt*r> Seen bv Tnnimliiton Electron Mlcroieopa

Aibneo* coneanlnaelon of drinking water 1* neiiurid in term of nunbir of
flb*r* inn with cranialiilon ilictron ulcroicop* (TEM) tichnlqun. To convert
froa light alcraicope (LM) menuriaents usid In alrborn* itudin to TEM
aeaaurenenti, NRC u**d ch* following equation band on th* riporc of Lynch et
al. (1970).

1 LM fiber - 50 TEN fibers

EPA (1980) used a faceor of 200 In lea risk asssssnent. NRC concluded that
higher eitlnatei, luch 11 those used by EPA, were not com lit me with the
industrial exposure daci ui*d in ch* rlak aiieiinenc,

Bn«d on ch* conv*r*ioni in Sc*p* 2 and 3, ch* RR for GI cmcar for a person
can be expressed as

RR - I + O.OS(h) . Q |

where h Is ehe fiber dote In TEM f-y/ol che comeme 0,05 1* a "b*«t fie* band
on iilecced epldeolologlctl icudi** (S«llkoff *c al, 1979, Seldnm et al. 1979,
EPA 1979, Niwhouii and Barry 1979, H*nd*non md Entcrlln* 1979).

Th* rdaelv* rlik aod*l Incorporae** eh* iiiuapelon chae th* *ff*ct of the
agent 1* co oulclply wh*e*v*r background GI cmcir rat* txliei. This affece
can ehm b* expressed in che oor* usual cirai of *xc«i* GI cmcir diaeh* caused
by aibncoa Ingiicion. Wham* eh* NRC aisniomc fecund punly on tncr****d
GI cancer Incidence, ehe EPA aiiaiiocne (1980) calculated excel* GI cmc*r
incldmc* aa a proportion of overall cancer Incidence, NRC considered ehe
Inclusion of non-GI cancar dnch* in ehe EPA unasoanc a* a ilgnlflcmt flaw
in ch* EPA analysis,

Th* additional GI canctr rlik livili (NRC 1983b) when ixpmiid in c*n* of
eargee risk conceneratiom for a 70-year Uf*-*p*n *xpo*ur* of a whit* nal*
(•iiuning that in Individual comuaii 2 lit*ri of w»t*r p«r day) an 1,100 TEM ,,-

AR3C066I -;
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o ,fibers/Uteri for rlik level of 10'', 11,000 TEM flbiri/lltir for rlik level of
W6, md 110,000 TEH flb*ri/lleir for rlik level of 10'5,

In ordir to evaluate thi 1985 EPA rlik iiniinmt uiid to derive * propoied
drinking water MCLG, th* itepi leading to ntibllihamt of cmcir rlik levels
will bi prennted,

Step 1. EitibltihaenE of Animal Ftbar Doe*

A key muoptlon wn that nbntoi in dry dlec would hiv* ch* sine effect 11
aibncoi in w*e*r. To ncibllih ch* dally dot*

, (0,38 kg x 0,05)(10,000 ag/kg of dl*e) - 190 og/day (or 500 agAg/day) .

wh*r*

0.38 kg - wilght of oal* r*c;

/-*• 0.05 • rat comunii 5% of body weight/day; md

10,000 ag/kg " flbiri n*k* up 1% of diet,

' i
In order co convert froa a daily on* doie to a dally fiber dote, the following
converiion w*« und;

SOO agAg/day x 0.129xl09 f/ng - 6.45x10*° f At/day

wh*r* th* conv*nion faccor 0,129 x 10"' f/ag i* band on TEM nniureaenci
perforaed *C ch* Illinois Imtltut* of Technology Remrch Imtituc* (NTP
1984),

Sliaa 2. Eitabllihaant at Equivalent Human Dos* •

In order Co d*t*nln* eh* huaan equivalent do**, ch* EPA procedure hit bien co
IIIUM dotag* equlveltncy on a do**/(body weight)-V-1 bull, Th* iquivilint
huorn dosag* for • 70-kg huam li

^ (6.45x10-° fA8 bw r*e/d«y) (70/0,380) ••/-• • 1,13x10-° fAg bw hunan/day,



o
Sine* • 70-kg huaan 1* niuaid co drink 2 Heir* of water per day, ehli don li
equivalent to th* following conctntratton In drinking water

l.UxlO10 f/kg/day x 70 kg/day/2 liters - 4,0xl011 f/llcer

Seep 3. DavalopciaTifc ot Maxtnruii Likelihood EitiaaCae

Sine* ch*r* 1* only • control md on* iloi* level, thi uiual linearized
oulclicagi oodel 1* reduced to • iIngle dot* or on*-hit model, Th* dependence
on a ilngli don rnponi* ihould b* considered a limitation In thli assiiininc,
Using th* Incidence of benign neoplisns, a key anuaptlon, th* 951 upper Hole
cancer potency faceor (qi*) 1* l,4x!0'13 (f/1)'-. Bind on ch* qi*, eh* i
concmericlom cormpondlng Co c*rg*e cmctr risk livili in 7.1x10-' TEH i
flbers/licir for a risk of 10'7; 7,lxl06 TEM fibers/1leer for m expoiure risk
of 10'6; md 7.1xl07 TEM flben/lleir for a risk of 10*s. |

6.2.6 CONCLUSIONS Gl
The EPA (1985*) crlcirli bend on eh* dirlvicion of ch* proposed Drinking V*c*r £
MCLG *r* ncoaawnded for *v*luaelon of risks froa nbeicoi lng**eion. Although
ehe risk iiniiaenc baaed on ehe anlail ingntlon »tudl*i (EPA I985a) rnulnd .
in criteria levds chac ar* 100 elo** grntir (1*** rntrictlve) thin thon
d*rlv«d uiing eh* inhalaclon expoiur* dace, ch* propoiid MCLG approach is
comlieent wlch EPA cancer risk iiniiamc guldellnea, which allow for •
Inclutlon of bmlgn tuaori, In addition, le la comiitmt wlch ch* leglilielv*
oandae* ot SARA, which dtnct* that MCLGs b* con*ld*r«d ippllcabla co relevane
and approprlaee riquiriomci (ARAR*),

o
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o TABLE 6-1

CALCULATED LIFETIME RISKS PER 100,000 PERSONS OF DEATH FROM MESOTHELIOMA
AND LUNG CANCER FROM CONTINUOUS ASBESTOS EXPOSURES1

O

Concentration - 0.0001
Yean of Expoiure

Agi *c Omit
of Expoiun 1 5 10 20

f/nl

Life-
tine

Meiothelioma in
0
10
20
30
50

0
10
20
30
SO

0.1
0.1
0,1
0,0
0.0

0.0
0,0
0,0
0.0
0.0

0,7
0,4
0,3
0.1
0,0

0,0
0.0
0,0
0,0
0.0

1.2
0,8
0,4
0,2
0,0
Lung
0.1
0.1
0.1
0.1
0.1

2.0
1.2
0.7
0.3
0.0

2.8
1,5
0,8
0,4
0.0

Concentration
Ynrs of

1

Finiln
14,6
9,4
5,6
3,1
0,6

5

67,1
42.6
25.1
13.3
2.1

10

120
75
43
22
3

- 0.01 f/nl
Expoiur*

,8
,5
,5
,4
.2

20

196,0
118,7
65,7
31,9
3,9

Life-
time

275,2
152,5
78.8
35,7
3,9

Cmcer In Find**0
0.2
0.2
0.2
0.2
0.1

0.5

0.3
0,3
0.1

1.0

1,0
1,0
0,7

4,6

4.6
4.6
3.1

9

9
9
5

,2
,2
.2
.0
.5

18.5
18.6
18.2
16.7
8.1

52. 5
43.4
34,3
25.1
8.8

Miiochelloma In Mil**
0
10
20
30
30

0,1
O.I
0,0
0.0
0,0

0.5
0.3
0.2
0.1
0.0

0.9
0.6
0.3
0.1
0.0

1.5
0.8
0.4
0.2
0.0

1.9
1,1
0,5
0,2
0,0

Lung Cmnr in
0
10
20
30
50

0.0
0.0
0,0
0,0
0,0

0.1
0.1
0.2
0,1
0.1

0,3
0.3
0.3
0.3
0.2

0.6
0.6
0.6
0,6
0.3

1.7
1.4
1.1
0,8
0,3

11.2
7.0
4,1
2,1
0.3

Mllil0
2,9
2.9
3.1
3.1
2.5

51.0
31.2
17.5
8.8
1.1

14.8
14.9
15.0
14.9
11.5

91
58
30
14
1

29
29
30
29
20

.1
,2
,1
,6
.8

,7
,8
,0
,8
,3

145,7
84.7
44,5
20.4
2.0

59,2
59,5
59,4
56,6
29.1

192.8
106.8
51.7
22.3
2.1

170.5
142.0
113,0
84,8
30,2

•Tha 95% upper confidence Holt on thi rlik viluei for lung cmnr for m
unstudied expoiure clrcuoscanc* Is about 10 cinii eh* tabulated valuei, Th*
95% upper confidence Hale on che rlik valuei for aeiochellone for m
unstudltd *xpoiur* clrcuucmc* 1* about 20 eln** th* cibuland valu**,

-tartaUey ricii for laokeri and nomaok*n dlffir, General populaelon riiki
•r* ihown, calculicid for * populaelon in which 671 of males md 33t of
feoaln sook*.

Source EPA 1986
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7,0 SUMMARY OF CRITERIA

R*co*B*nd*d criteria for ixpoiuri co asbestos by Ingntlon or inhilation are
luaoarlzid In Table 7-1. These criteria are dlicusiid in detail In Section
6,0, "Dos*-Response Ainiinint," A number of other criteria for protection of
individual! exposed In thi workplace or in environnencal setting* hive also
bnn recommended by government agencies md other advisory groups. These
criterli art presented for conpirlion in Table 7-2,

The criterli for expoiure by tnhilatlon to nbntoi In ambient air ihown in
Tibl* 7-1 ar* expremd in t*rm of PCM flberi pir nl (l,e,, flben >S nlcroni
In l*ngth, **p*cc raelo >3.1). Thin linlcatlon* art nquind primarily
b*c*u*e ch* najorlcy of available scudln on which eh* crlcerl* in buid
•oployad PCM malyclcil tichnlquii, Thus, Individual aibiitoi alneral* could
noc b* dlsclnguiihid md wir* not comldirid iipincily, Further, although 1C
appeara that longer, thinner aibtito* flberi hav* grnur biological acelvlcy
ehan ihortir thlcktr fibers, ehe nlieiv* poemcy of different nbiicoi ilz*
fictlom hii not bnn *d*qu*t*ly ch*r*ctiritid, <

Hcaut* TEM 1* currently the accepnd and w*ll-e*c*bliih*d procidun for
amurlng iibeicoi In lablmt air, comldenclon oust be given to approprliea
converiion factora. Aibeieoi counti, even when Halted to the fraction gnater
than S alcroni, differ widely becwnn PCM md TEM, On* ipproich for conv*nlon
would b* co counc only thoi* TEM fiber* l*rg*r than 5 nlcroni wlch iipect
ritioi griiter than 3,1 but wlch a nlnlnua di*att*r of 0,2 micron* a* wdl,
Thua, a "PCM iqulvilmt" fraction 1* gmirieid. Anothir acc*pc*d ipproich li a
cwo-inp procea* biglnnlng wich converting flbar count* to nan p*r unit volua*
by che **c*bll*h*d procidur* (Chatfleld, 1983). Data froa *arll*r icudiei an
ivillibl* to convert opclcal fibir counti (luch a* ch* inhilaclon cricirii
pmincid In eh* tible) co 0*11 concintritlom i* w*ll. A valu* of 30
olcrograni/a3 pir PCM f/nl li ricooMnded md repreients eh* geooecric aeim of
a rang* of liecraeur* derived conversion factors (*•• Chaptir 3), Although a
high degrn of uncirtilnty 1* associated wlch thii approach, ic ha* eh*
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TABLE 7*1

RECOMMENDED CRITERIA FOR EXPOSURE TO ASBESTOS

Aiiuaid Rlik Leveli end Corrnpondlng Crleirla

Routi and Type Expoiure
of Cancir Aiiuoptlon 10'7 10'6 10'5

Ingeitlon:1 '
GI cancer" Llfetla*, l.lxlO3 f/1 1,1x10* f/1 l.lxlO5 f/1

2 liter*
dw/day

GI cmc*rc Llfitln*, 7,lxl05 f/1 7,lxl06 f/1 7.1xl07 f/l
2 liter*
dw/diy

Inh*l*clon:d
-.«•••: . . .
Lung cmnr Llficlo* 5,9x10'7 f/nl 5.9xlO'6 f/ol 5.9x10's f/ol
Moioehdioa* Llfitloe 5.2xlO'7 f/al 5.2x10'* f/al 5.9xlO'5 f/ol

Feulei;
Lung canctr Uftcloe 1.9x10-* f/ol 1.9xlO'5 f/al 1.9x10'* f/al
Hnothdioa* Llficla* 3.6x10-' f/al 3.6x10'* f/al 3,6xlO'5 f/ol

•Mmunomt of ingesclon dosec ar* bend on TEH oechod,

bBa**d on huaan Ingntlon via Inhalation,

cB***d on oral ingnclon In raei; nioclicid q* - 1.4xlO'13 (f/1)'1.

°M*uur«B*ne of Inhalaelon ixpoiurn *r* band on optical nlcroicopy counti
(fiber* longir chin 5 alcrom), le Is n*uo*d chac 30 »ig/B3 (n o***ur*d by
TEN) *qu*l* 1 flb*r/ol (as oinund by opclcal olcroacopy), Risks for
llfitlo* or shorcsr (xpoiura* oay b* obciinid froa eh* daca priiinced In
Tabl* 7*1; d*c*ralnaclon of 95% confidence Hole* In ch*** biie aieloac*
value* are dlseuased In Section 6,0 and sunarlxad In Table 6*1.

O
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O ' TAB" 7-2

SUMMARY OF ADDITIONAL ASBESTOS CRITERIA

OSHA Standard

PEL of a 0,2 f/cc a* an 8-hour THA

NIOSH Racoaaended Standards:

0,1 f/al ai an 8-hour WA
0.5 f/nl n a 15-minute ceiling level

ACGIH Threshold Llalt Vilue

Aaoilti, 0,5 flberi grntir thin 5 alcron* In Imgth/nl
Chryioell*, 2 flbiri greicer chin S alcrom in lingch/nl
Crocidollce, 0,2 fiber* greicer chin 5 nlcron* in lmgth/al
Oeher fora*, 2 flb*n grncer thin 5 olcron* In Imgth/al

Offlc* of Air Quality Planning and Standard* (EPA 1987*,b)

Rtik ConeantriEloni

10'5 4,3x10-5 flbar*/al
10'* 4.3x10'* flb*ri/al
10*7 4,3xlO'7 flb*n/al

Aoblmc Vactr Quilley Crltirli (EPA 1980)

tlak Concentrations

ID'5 300,000 fib*ri/llc*r
10'* 30,000 flberi/llt*r
10'7 3,000 flb*ri/llc*r

Drinking Wicer Criteria Draft

Rlak Coneeneratlom

Best Eatlnate Values 95% Lower Llaici

10'-' 1.3xl08 flb*r«/llc*r 7,lxl07
10'* 1.3x10' flb*ri/llt*r 7,1x10*
W' 1,3x10* flb*rs/lie*r 7,lxl05

Proposed Drinking H«c*r MCLG li 7,1x10* fibers/liter moclitid with • 1x10'*
riik. Thli criterion li United to flberi > 10 olcrons in length,
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ihortir fibers (< 5 alcrons) co ovirill ilik. For exaapl*, If • given eibestos
sample concilm a relatively high proportion of shorter fiber*, these fibers
(although shorter thin 5 microns) would contrlbut* 11 a ilgnlflcmtly to total
aibntoi nan aftir conversion.

Crlciri* presented for exposure vl* Ingeiclon presented In Tabl* 8*1 ari
•xprniid ii total TEM flbiri pir unit voluo*. Ag*ln due to th* limited
databan, dlffcrmt aibescos nlniril* in not conild*r*d separately, In
g*n*nl, th* d*v*lopa*nt of Ingesclon criteria li iubj*cc to th* sin*
llnlcaciom dlicuiiid In iiioclatlon with th* inhalation crltirla. Not* that
th* apparent discrepancy between mult* of aibnto* Ingntlon du* to
inhalaelon itudin (nprinntid by th* tint row of crlctrla In Tabl* 8*1) md
anlaal tngeiclon icudlei (reprenncid by eh* ncond row of criteria) 1* itill •
subjicc eo controv*ny. Son* of eh* ponlbl* rooe ciuiii of chis dlicrspmcy
were ideneifled in Ch*pc*r 3, A lack of propir conildaraelon for dlffmnc**
in analyeical neaiureoenci tichnlquii b*tw**n ch* two **c* of icudlii or a
dlffiring biological nechmlia of action an anong luch poiilblllelii, Cartful
analysis of eh* original seudles wtch reipcct to ch*n ipiclflc concerns oay f~̂
b*cc*r lllualmc* ch* lourc* of Ch* dlicripmcy.

ReflneoenC of currmt rlik iiieiinent procedure* for nbntoi and eicibUihaint'
of hialch crlecrla with l*n inherent unceredncy will require developoenc of
better Infonaeion on th* carclnogmlcley of flb*r* according co nin*r*l
ipeclei and ilze (lengch and width), Intonation on depoiiclon, cliirmci, md
noveaene of iibistos In th* body; Intonation on rilin* of nbncoi co eh*
•nvlronaane md establUhaent of riprinntatlv* «nvlronn*nt*l ninuriamc
e*chnlqu**, and d*v*lopa*ne of ixpoiur*-rnpom* dec* nori ippropriice for
envlronomcd net ing*.

Th* OSHA, NIOSH, md ACGIH crlnri* pmenced In Tabl* 7-2 are Intended solely
a* an overview of othir rtgulacory cctlon* *i*ocl*e*d wlch aibiitoi. They in
not direccly cooparable co crlctrl* pmeneed in Tabl* 7-1. For *x*apl*, th*
OSHA criterion 1* Ineended co protect workers occupitlonally expoiid tor 8
houri per day, 5 days per week, over 43 years. Additionally, OSHA itandardi

O
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C

are not band strictly on health considerations alone but take othir factors
Into account t* wdl,

Th* aabUnc water quality criteria developed by che EPA ar* derived froa data
on th* Incrnnd Incidence of perlconeal mesothelloma md Cl tract cancer in
huomi ixpond occupaclonally to *ib*itos, Th* derivation assumes that nuch or
all of thli Increned disease Incldinc* 1* caused by fiber* ingeiced following
clearmc* fron tht reiplracory tnct, The aibnto* concencriciom indlcited in
Tabl* 7-2 ar* expreiied as coctl fibers counted uilng electron microscopy
inalyiis. Th* excess cmcir riiki iiioclactd wlch ingestlon of 2 liters of
water pir day for a 70-year lifetime containing asbestos it thi indicated
concencriclom in ihown, Thi Drinking Uiter Drift crlcirli md Propond
Drinking Uattr MCLG ihown In Tabl* 7*2 irt calculated fron aninal Ingntlon
iCudU* which comidered ch* association bttwitn flbtr length md
carcinogenicity. The criteria are bind on omuriomt of fiber* >10 nlcron*
In length ualng dictron nicroicopy eichnlqun,
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o
8,0 ECOTOXICITY

In thli lection, ch* fate and tramport of nbntoi fibers In che environment,
** well a* ch* toxic effects of asbestos fibers on iquaclc ll'fi in prismcid,
Only coxlclty to aquatic lift li conildtrtd; no daca iri available on the
effect! of nbntoi on terrestrial wildlife although thi mules of rodent
bloniay* (Section 5,0) n*y b* rtlcvmt for (valuation of terrestrial spec lei,
In iddlclon, dose-response data ari Inadequate to recommend spiclfic criteria
for the protiction of aquatic lift.

8,1 FATE AND TRANSPORT

Aibncoi flbiri have vtry United chemical reactivity but are luicipelblt eo
phydcal breakup Into inaller md/or thinner fiber*. Although th* fibers iri
not loluble In water, caclon* n*y bt leichid froa thio leaving eh* illlca
icruccur* behind (Chol and Solth 1972). The effect that Inching of caclon*
h*» on ch* icruccural inugriey of eh* cryicil li unclnr (EPA 1979) . Acid
Inching »lc*ri lurfici prop*rcl«* of chryioelli, but not ot anphlbol* aibiitoi
flbirs (Stihin 1983),

Aibnto* fibers fron environmental sanples obcdned in California were found to
b* tnaller In length and width chan frnhly nined f Ibtr* or fiber* prenne In
induicrlal application* (B*l«i et il, 1984), For example, In raw rivir wactr,
flbar ilz** ringed b*tw**n 0,05*0,1 nlcron* in width md 0,5*1.0 nlcroni In
lingch, Incorporating die* concerning fiber *iz*, dim icy, ind lurfic* charge,
Bain *c al, (1984) nodeled concentration* of chryiotll* nbnto* originating
froa naturally w**th*rlng rock In California water lyittni. Aibncoi flbir
conctntraciona in aurfaci water were reduced by a factor of 10 n * rnult of
p*i**|* through, riiirvoin with a r* cent ion tin* of 1 y**r, Reservoirs with •
r*c*ntlon cla* of 3 y**rs reduced aibeico* concintntlom by • factor of 1,000,
Thi author* (Bilei *c al, 1984) attrlbuttd cht reduction co coagulaeion and
settling, In th* **a* study, It w** found that 86%*99,8% of aibeieoi flbiri
wtrt nnovtd by wacer enacninc facllltiei thit utlllzid coigulacion and
filtration aithodi, Anphlbol* fiber concentration* In Lak* Superior resulting
fron alning activity in che western end of th* lake ar* reduced by «r«othan C. *7 Q
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30% during transport to ch* mcirn md of tht lake (EPA 1979), Tht long
diitanci transport of Intact chryiotllt flbiri h*i been noted in California
wacer supplies (McGulr* *t al, 1982),

Aibntoi fiber* of all types *r* extremely pirilstmc, They miy disintegrate
Into snaller flberi, but complete dlisolutlon or breakup hit not bttn
qumclflid,' Lauch and Schurr (1983) nocad chic, although chiri an no
lerpentin* foraaelon* in ch* Great Lakis basin, 80% of fiber* in Lakt Michigan
ar* chryioclli isbncos, Chrysoclle, which accounts for 95% of asbestos
productd for conotrclal un, pmuaibly mt«r* Ch* Great L*k*s i* • mult of
hunan activity in th* am.

Both aophlbol* and chryiocll* flbiri can bioiccunuliei (Bietirnm md Cook
1981, BeUngir 1986), Chryiotll* flbiri iri takm up by th* gill* of aolluici I
and nov* throughout th* body co oeher clnuei, Hunili do noc d*pur»c* flbirs
froo th* inenclnal lining (Halibmd 1974). Bilmgir (1986) calculaced (
laborieory bloconcincnclon fictori (BCFs) for fmhwitir Ailacic clao*
<Corbleul« *p.) of 0.3, 1,9, md 2 for gills, vlsc*ra, md whol* clan eliiui, £~M
riipecelvily, Eiclaacid invlronaencal BCFi for Ailicle claos froo a California
aqueduct wir* <1, 64*100, and 1000-5000 for gills, viscera, and whol* claa, , |
r**p«celv*ly, Th* claa* w*r* **tln*ted to b* 2 year* old and to hav* bnn
•xpond co up Co 10* flbcri/llcir (f/llt*r), How*v*r, ch*r* w«* ilgnlflcmc ,
variation in background flbir conemenclon. Fiber dlninilona win inillir In
eh* flild-ixpoitd claa cliiuii chin In eh* liborieory-ixposid clan*, Gill*
froa flild-txpoied cl*a* concalned 800 f/og, coopand wlch 105 f/og md 107
f/og for viscera and whole olio cliiu**, r*sp«cciv*ly, Thl* indicitii chit ch*
fibers ire highly ooblla wlchln clsiues md tmd to concmtrat* to high l*vels,
at line in ehl* «p*cl*«,

Fachiad olrawwi <Hneph*la« ntaa«la«l *xpo**d Co 10* f/llcir for 30 days In che
liboracory, sccuaulieid 77-110 f/og In ch* liver md 178*386 f/ag In eh* kidney
(B*l*ng*r 1986). Biectrnm md Cook (1981) luggiic ch*c th* priniry roue* of
expoiure of fish co aophlboles 1* via Ingnelon, bind on icudlei of trout.
Th*y cue* that laphlbol** art noc cikm up by eh* gill*, bue chae daca on
chryioelli are leii dtflnlcive, Batterain and Cook (1981) reported ilgnlflcmc
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o difference* between fiber concentracloni in boch liver md kldn*y cliiun but
not in ouiclt tlssuee of fish fron contsnlnand md clem ami. Laboratory
ixpoiur* of fish did not result In Urge differences In tisiu* concentrations,
which suggests th*t an unidentified ixpoiur* mechanism may bt operating In che
field, Baccaman ind Cook (1981) alio observed • difference in fiber ilzi in
field- vtriui laboratory-exposed fish which nay b* related to differences In
tissue uptake between laboraCory md fidd, In chli regard, Lauch md Schurr
(1984) rtporcid thi priitnct of smaller fibers in alga cilli than In the wacer
froa which chey w*r* ciken.

Except for Inching In body fluid md stomach acid, blotrmiforaitlon of
nbntoi flbiri hai not bttn obitrvtd,

8,2 AQUATIC Toxiein

)
Aibtsto* flb*r* ire acucily toxic only at v*ry high concentration*, Urval

>-\ Ailitlc claas (Carbteula. ip.) had ilgnlflcmtly higher nortality rat** chin
concroli whin txpoied co chryiocil* fiber concmeracton* bicwain
102*10* f/lictr, Fichnd ninnowi ixpond eo 1012 f/lletr for 96 houn or
108 f/lleir for 30 dayi did noc txhlble Incrnnd aorcillty over control!
(Bdangtr 1986), Japanese otdak* (plicii, Orvttai laclnai^ expend to
1010 f/llur for 60 day* *xp*ri*nc*d 100% aortillty, Stiwirt ind Schurr (1980)
riporttd thit oaxloua ooreallcy of AttUiA occurnd between 107-10" f/liter,

Aibtico* exposure cm mule In dilieirioui Inpicti on growth, rtproduction,
phyilologlcil •qulllbriua, and behavioral trait* In ilga*. Expoiur* to
chryioell* fiber* it 1*1,5x10* f/llt*r for 48 hour* riiulttd In severe clumping
of ctll* of the algae Cryntaaonn eroia (Lauch and Schurr 1983), Ic wai
poiculind chat thli would mule In Ion of nobility md death du* eo lactllng
ouc,

Adule md Juvenile Adaelc clias ixhlblced reduced ilphonlng rat* md shell
growth when expoied to 10s f/llcir for 30 dayi (Bilmgcr 1986). Juvinll* clani
also hid r*duc*d weight gain at 10* f/liter in suaaer cenperaturis, md at

W 105 f/lle*r in wincer teaperacures, Weight gain of Juvenile fathead minnows
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wn reduced after 30 dayi expoiure to between 10* md 108 f/llnr, Length wn
noe affeccid however (Belanger 1986), Larval nidaka ihowad r*duc«d growch
after 14 day* expocure to the sane level*,

Coho nlaon <0neorhvtiehm ktsuccM and green lunfiih (Lfpoala evmellus) larva*
•xpoied to 1-1.5x10* f/llt*r chrysotile for up eo 86 days or 3x10* f/1leer for
up co 92 dayi did noe exhibit rtductd length or weight gain (B*linger it al,
1986), How*v*r ch* lunftih suffered itvtr* seal* md epidermal erosion froa
•xpoiur* eo ch* high concentration, Hlitologlcd examination of th* lateral
line and gill* In ch* lalnon r*v*al*d nvere cycoeoxlclcy In then eliiuii, AI
• mule, iquillbrluo of ch* flih wai severely impaired ac eht high doit, Boeh
exposurti resulted In elevated susceptibility to mnthetlc*, Tliiu* daaag*
wn alio nporced In ch* ikln, tnciitinal cracc, kldn*y, md livir of n*dak*
following ixpoiur* co beewem 10* md 108 f/lle*r (B*lmg*r 1986),

Aibeitoi flbiri n*y havi a dlncc toxic *cclon mulelng froa physical
Incirfirmce wlch plaio* aenbrm* function or by dlncc daaag* co oiabrane*.
Fiber* have been observed eo cling eo che oueild* of celli as wsll as pltrct
chea (Lauch md Schurr 1984). Th* me negaclve *urf«ct ehirgi of iibiieoi
fiber* euy mule In aceracclon to plnoa Mnbran* carboxyllc *cld mldue*
(Harlngton et al., 1975). Interference with oeobrane surfic* function* would
•ccoune for observed oiaorigulaeory lopaira*nc In clias (B*lir;*r 1986).

Tha carcinogeniclty of nbeico* fibers in MOM!* li will eitabllihid through
laboratory mlnal experloenc* md huaan epldialologlcal icudtai, Aibncoi
ixpoiuc* alio rtaule* In euaor foraaclon in flih and claaa, Coho laloon
davdopad tuaorous iwtlllnfi In eh* gill* following *xpo*ur* eo 3x10* f/llc*r
of chrysocil* (B*l*ng«r *e al, 1986), In iddlclon co neoplnelc c*ll
abnonullele* In epld*nal cliiu*. Midaka developed epidermal euaor* following
exposure Co 10*>° f/lleer. Mollle* (Po*ellia forao**) *l*o developtd epideraal
hypertrophy iftir 6 nonchi ixpoiur* to chryiocll* (Hoodhead *c *1. 1983).
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(„,' Th* conclusions of tht EPA Anblmt Hatir Quallcy Crltirla Document (EPA 1980)
ar* chat no icitinents concirning ehe acuci or chronic coxlclcy of aibncoi in
fmhwater or iilcwacar orgmlioi cm b* mid*,
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0 BARIUM

i

INTRODUCTION

B*rlua Ii a rticetve mecil which txliei In nacurt ai a number of nlci luch n
birlua sulfate md barium cirbonaei (EPA 1984). Then nlnenl forms ire
relicivdy Insoluble in wacer, Barium sslcs ire uitd for drilling mud,
pigatnci and •• an x-ray concraie medium (EPA 1987*). Birlua is abundant in
naeure and can be found in plane md animal tissues (Coyer 1986),

TQXICOKISETICS

In experimental inlnala, barium absorption varle* with ch* ipecle* of inlmal,
Ch* coopound caaeed, ch* eg* of ch* animal, md eh* dlccary conpoilclon (EPA
1987a). Soluble birium compounds are abiorbed ind mall uoune* in rtcilmd
in che body, Insoluble birlua coapoundi irt adiorbtd only ainloally (Coyer
1986), Barlua wai found co dlaerlbuc* widely In ehe noun bue wii principally

Q,, found In eh* bon* (D*nck*r ic al, 1976), In hunani, barlua la prlnirlly
excreced vli che fecn (Tlpcon et al, 1966),

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

1 Barlua carbonic* md nor* lolubl* barlua compound! ar* quid eoxlc eo huami
following oral axpoiur*. Don* of barium carbonac* and barium chloride of
57 og/kg and 12 ng/kg, mpicclvtly, win fical when ingtitid by huami, Toxic
effect* of ingiieion include giicroencericls, nuicular panlyili, hypertension,
cirdloeoxicley including vtnerlculir flbrlllaelon, and damage eo ehe cineril
nervoui lyacta (Pirry tc al, 1983), Inhilaclon of birlua lulfice or birlua
carbonact dusc causes barleosls, a benign pneuaoconlo*!*, in occupaclonally
expoiid workers, Thl* effect 1* reversible upon ctiiaclon of ixpoiurt (Goytr
1986),

, Tht chronic coxicley of barlua hii bitn icudltd In raei md mice, Tht only
idvirit tfftce Idenclflid was a ilgnlflcane incmi* In blood preiiure in rats

/ j given drinking wattr containing 100 ppn barlua In on* itudy, No effect on
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blood prn'iuri w*s s«*n in m tpldiolologlcal study of thi effects on huami of ^
elevated barlua conctntraclon* In drinking water (EPA 1984).

No data war* available In ch* llceratur* reviewed concerning ch*
carctnogenlclcy of birlua In humins, Raci and mice expoied eo 5 ng/lleir
birlua acteie* In eh* drinking wacer for a lifetime did noc develop
icaeliclcally ilgnlflcmc elevation* in euaor incldinc**. However, th* doie
idninlitired wn low md below acceptable intakes (EPA 1984).

Only United data ar* available concerning th* genotoxlclty of barlua
compound*. Barlun chloride wis reported negative in * bacterial nucagmlcity
may md In m in vitro ceit iy*tia for error induction In DNA trimcrlptlon
(EPA 1984).

Inhalation *xpo*ur* of nil* raes Co barium carbonaci duic producid dtcrtaitd
nuabcr* of ip*n*eozold*, a decmied perc*ne«g* of oocll* spern fora*, and
incrnnd f*c*l noreallcy following naelng of created nalia with unenacad
f main, Expoiur* of fend* raea lead to ovarian follicle atmla, incraind /"-,!
noreallcy In lubnqutnc llectrs and • general und*rd*v*lopn*nc of n*wborn pupi,
No inforoaclon on ciratogtnlc tffteei w«* found in eh* lle*raeurt r*vl*w*d (EPA i
1984), '

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS '

Uilng eht EPA Carclnogtn A***iia*ne Group'* crltirl* for * valu* ting ch* wdghc [
of eh* *vld*nce of circlnogmlclcy in huami (EPA 1986*), eh* EPA Of fie* of
Environamcal Cricirla and Asieiiacnc hn ascertained chic birlua is nose
*ppropri*e*ly cluslfled in Group D-*Noc ClissifUd (EPA 1984), Thli cieegory
ipplln co agents wleh Inadequate intmal evidence of c*rcinog*nlciey,

EPA (1987b) d*rlv*d m onl referenc* dot* (RfD) for birlua on * wdghc of
evidence froa verlou* epldemlologlc*! (Brenntman *e «1, 1981) md mlnil
(Schroider and Mtechener 1975*,b; Tirdlff *c al, 1980; Perry *c al. 1983)
icudiei, How*v*r, eh* prlniry scudy on which eh* RfD wn bated wii ch* icudy
by Ptrry *c *1, (1983), The** auction expoied wemllng rici eo biriua *e 1, 10 _
or 100 ppa in drinking wacer for up to 16 months (average daily barium doses of v'
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(T) 0,051, 0,51 and 5,1 ag/kg, respectively). There win no signs of coxlclty at
any barlua don level, Systolic blood preisure nniunninti revelled no
Incrtiit In prtiiuri in anlnals exposed co 1 ppn for 16 nonchi, m Inert*** of
4 on Hg (p<0,0l) in inlaal* exposed co 10 ppn for 16 nonchi, md m Increase In
lyicollc prmur* of 16 on Hg (p<0,001) in anlmali ixpoiid co 100 ppm barium
(5.1 ng/kg/day) for 16 noneh* (EPA 1987b), Uilng « lownc-observed-advarse-
•ffecc level (LOAEL) bind on Increind blcod prniuri of 5,1 ng/kg/diy md m
uncertainty faccor of 100, m oral RfD of 0.05 ag/kg/d*y wai derived, It was
notid by EPA (1987b) that th* rat* in this study wire miincalned In • special
conculmnc-frt* envlronaenc md fid i dlec diiignid Co reduce expoiure to
trace netals; consequently, it wn luggeited chac che restricted Intake of
certain beneficial netali (e,g,, C* md K) my havi prediiposed th* cesc
minili co thi hypercmiivi effecti of barlua,

EPA (1976) his e*tabll*h*d • naxlnua contulnmt level (MCL) drinking wicer
•tmdard of 1 ng/llc*r for barlua. Th* Anblmt Water Quality Criterion (AWQC)
derived for th* protection of huaan healeh froa berlua Ingeicid chrough

(~ drinking wacer *nd aquaeic organlia consuapclon li ilio 1 ag/llc*r (EPA 1986).
Th* EPA Offlc* of Drinking Wactr (EPA 1985) propoitd i naxinum coneulmnc
level goil (MCLG) for birlua bind on a itudy by Perry tc il. (1983) In which
rid wire expoied co 1, 10, or 100 ppa barlun in drinking wicir for 1 co 16
nonchi. Bind on an RfD of 0,05 og/kg/day and ficcoring in dace on human
expoiure froa other aourc** (0,7 ng/day via dl*t md 0 ng/day '.* air), EPA
(1985) recommended * aaximua contacinant l*v*l goal of 1,5 mg/llcer,

EPA (1984) dtetralnid an accapcabl* chronic Incik* (AIC) of 3,6 ng/day
(0,05 ng/kg/day) for oral expoiure eo barlua bind on ehi LOAEL of
5,1 ng/kg/diy Identified froo che Perry ee al, (1983) ,-cudy, An inhalacion AIC
we* d*c*nln*d bned on ehe »cc*pcabl* subchronic incik* (AIS) calculaeid fron
a iv.udy by Tirn*nko *e al, (1977) In which exposure of ail* r*c* Co 0,8 ng/n
birlun rnulnd in no obi*rv*d eoxlc effaces, The Inhdiclon AIS of
0,098 ag/day with an addlelonal uncercainty faceor of 10 rnulced in m AIC of
0,01 ag/day, which la •quivdene co 0,14 Mt/kg/day,
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Th* Anerlc'm Conference of Gov*rnomcal Induierid Hyglmliei (ACGIH 1986) /•>
J ':..('

rtconatndtd a clne-wilghctd average ehmhold linlc valu* of 0,3 ng/n for
soluble compound* of birlua md 10 mg/n for barlua lulfae* 11 i nuisance dust,

SUMMARY OF BARIUM CRITERIA

EPA carcinogen classification Group D

Oril RfD 0,05 ng/kg/day

MCL ' 1 og/llear

Propond MCLG 1,5 ag/lic*r ,

Inhalaelon AIC 0.14 Mg/kg/day '

IAWQC;
Ingnelon of water md aquicic orgsniini 1 ng/lie*r
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COPPER ' ^O
INTRODUCTION

Copptr 1* a nddlih colorid aicil wleh eh* iconic nuabar 29 and m iconic
wdghc of 63.5 g/aole. Ic ii widely uiid ai a icruccuril meal, particularly
when high electrical and thermal conducelvicy ire required. Copper siles are
uied ii fungicidei, in ctrulci, md for electroplating, and hav* a wide
varlecy of och*r lndu*erl*l um (ACGIH 1986),

TOXICOKINETICS

Copptr can bt abiorbtd following dtrnal, oral, or Inhiliclon expoiure.
Absorption of tht oecal li conerollid by a homoicaelc mchmlin and ehinfor*
le doe* noe e*nd eo bloaccuoulac*. Elinlmelon of copper occur* primarily
chrough ftcal excreelon (EPA 1985b).

QUALITATIVE DESCRIPTION OF HEALTH EFFECTSm^vmmvmuimm
Copp*r 1* an nnnelil diame in huaan nuerlclon, A dally copper Ineik* of
2 ag li con*id*r*d co b* idiquici for healch and noroal copper neeebollra. Th*
noraal dally adulc Incak* of copper froa food in ehe U.S, 1* r*pore«d eo rang*
froa 2 eo 4 ag per day. The riported average intake of copper In young
children 1* 1,5 ag pir day; th* olnlnua dletiry requtrea«ne 1* 0,10 pg/kg body
wdghe per day (EPA 1985*).

Toxic effecci mulelng fron acuce over-expoiuri eo coppir in laboraeory
aninal* md huaan* include g**erolne**cin*l dliturbanc**, hcnolyelc aniaia,
renal daaage, liver daaage, and glucoit-6-phoiphac* dehydrogenas* Inhibition,
Llaictd daca ar* available on ehe chronic eoxlclcy of copper; however, chronic
ov*r-*xpo*ur* aay caw* men!*, Efflclinc hoaeoicaelc oechanlan* gtntrally
proctce aaaaals froo ch* «dvern *ff*cci of dlteary copper excaia. In hunan*,
individual* wleh Wilton'* dlieas* ire ac addlclonal risk froo ehe coxlc if feed
of copper. Wilson'i disease Is an Inborn error of copper oeeeboliso in which
coppir accuaulic** In eh* llvir, briln, md kldnty, mulelng In hiaolyclc
anemia, neurological abnornallclea, and corneal opacities, In addieion,
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SILVER

INTRODUCTION

Sllv*r 1* * white, duccil* need chat occuri naturally in ch* mvlronnmc ••
alenencal diver md in combination wlch oehtr elenenci In i viriecy of or**,
Th* principal um of illvtr in In phoeognphlc nacerials, electric md
eleceronlc produce*, coins, Jewelry, icerllng ware, md alloyi md solders,
Silver wa* used exesnsively in ch* United Scaces as * cheripeuclc agent for
eh* creacaenc of lyphllli md ocher lllnisiei unell 1939. Since then,
medicinal use of iliver In eht Unlctd Scatei hn declined drastically,
probably because of che developmenc of antibiotic* (EPA 1985*),

TC-XICQKINETICS

Sllvir in varioui form 1* ibiorbed Co a llnlcid extent following oril and
_ Inhalation expoium. Bind on • itudy in which colloidal illvtr wii
--_• idalniicared orally co Wlieir riei, cht raei of oral *b*orpclon wai titlnactd

Co bt btcwitn It and 3« (Daquldc *t d, 1974). However, E«it it d. (1980)
diterained Chic about 181 of • iIngle oral do** of 4 ag illvtr wn absorbed by
• huaan pielint wlch irgyrl* (*llv*r polionlng), Iao*dl*edy following

, cracheal InCubaclon and *xpo*ur* for 7*15 nlnuen co 10-20 liters of air
concalnlng necalllc »llv*r nroiol, 17t of ch* admlniicered doit was dipoileid
In eh* lungi of ilx final* biagle dog* (Phaltn md Morrow 1973), In a ilngle
dog sacrificed 6 houri afeer expoiur*, 31 of ch* amount Inlclally diposicad In
cht lungi w*i absorbid md dlieribuced co ocher pare* of che body, prlnarlly
co ehe liver and blood. Silver nay be abiorbed ehrough broken ikln md
chrough SMCOUI aiabrmci, buc *b*orpeion ehrough Intact skin li negligible,
Following topical ippllcaelon of illver nierac* co guinea pig* for 5 hours,
l«*a chan ll wii abaorbed (Wahlberg 1965).

Th* relaciv* anounc* of silver dUcrlbuted to varlou* tliiun are Influenced
by ch* roue* of expoiure, A l*rg*r friction of illvir 1* discrlbuted co ch*
llv*r following oral adminlscricion chin following ixpoiur* via ochir rouees,

l^j However, once silver reichii eh* clrculaeory syseia, le li dticribuced co eht
liver, nuscle, bone, spleen, skin, and lungi, Irrespective of rbttee »fC'b'5
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expoiur* (EPA 1985*), Absorbed illvtr etndi eo bloiccunulan in elnclc
clnuis (scokingtr 1981),

Silver li ixcrecid froa chi liver Inco cht geierolneeicinal (GI) tract in eht
bill, md fecal excretion li thi primary elimination pachway (EPA 1985*),
Enterohepatlc recycling occur* md cm lead Co ch* prolongation of eh*
aceivley of m adninlietrid don,

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

CARCINOGENICITY

Duple* ch* excemlve ch*r*p*uclc ui* of illvir In ch* p**c, no evidence of
cmear in huoam h*i been r*pore*d, Injecclon alee and Implmcaclon lie*
euaori hav* b**n induced wlch illver In liboncory mloali, Schnahl md
Seelnhoff (1960) reporeed in an ibiericc chac colloidal illvtr tnjecctd both
ineravtnouily md lubcucantouily Ineo ran induced euaor* in B of 26 race
•urvlvlng longer ehm 14 aonch*. In *ix of ch*** elghe raei, che euaor we*
locaeid ac eh* *lc« of eh* subcucmtou* inj«celon, In 700 uner**e*d ran, che
rae* of iponcaiwou* cunor fonaclon w«i 11*3%, Howivtr, Furic md Schlauder
(1977) did noe obitrv* Injicelon lie* euaor* In Bait or fend* Flichir 344
raci (25 raci par iix) ch*e ncilved aonchly Incraauicular tnjicclon* of
•liver powder for 10 nonchi, Th* coed do** ncilved w*i ;j ng illver,
Injicelon tic* iirconn wire obierved only in ch* vehicle conerol md poilelv*
concrol aninal*,

TERATOGENIC1TY

Only v*ry prillalmry evidence 1* avillabl* on ch* pocencial ciracogmlcley of
•liver. Robkln ee al, (1973) dieiralmd concincraclon* of sllv*r In dry huo*n
liver eliiuei of 12 mencephillc fieuiei, 9 pr*nieur* infmci, 12 fecuse* froa
cherapeuclc iborelom, md 14 fecuiti fron *poncmeoui iborciom, Th*
concmerielon* of illvir In cht clisues of amnciphallc f*cui*a wir* found eo
b* ilgniflcmely grtactr chan chost in cliiu** of ftcuni froa ehirapeueic or
iponeimou* iborelom, However, sine* eh* conceneraelom of ocher micali,
including mercury, a known ceracogen, exhlbiced * similar paecirn, le li >•'
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I... inponlbl* co concluilvily ascribe thi tfftct to my single agent, No
development*! defect* were reported after administration of diver nitrite to
chick egg*. An LDjo of 0,10 ag wai determined froa tht cut (Shepird 1986).
No other Information on thi t*r*cog*nlclcy or reproductive coxlclcy of illvir
in anlnali was available in eh* llcericure reviewed,

MUTAGENICITY

Ntgaelvt results were reporeed in biccerlal ouciginlciey cues for ehree
illvtr iiles (EPA 1980), No other inforaielon on eh* genocoxic effeccs of
illver wn available in ehe llteriture reviewed,

ACUTE/CHRONIC TOXICITY

Th* *cue* eoxlc effecci In hunans following oral exposure Co silver Include
corrosive duugt co eht GI ericc leading eo ihock, convulilom, md daach,
Th* nclnaeid facal oral don of *llv*r nlcrac* for huaini 1* 10 g (Hill and

xJ Plllsbury 1939), Dnehi hivi gtntrally occurrid following accldmcal or
luicidal overdoni. Psclinc* dying ifeir Inerivmoui idalnlicraclon of illver

| drug* *xhlble*d necrod* md h*aorrh*g«* In bom mirrow, liver, md kidniy
(EPA 1980). In mlnili, «cue* ixpoiure hit been'ihown co ifficc ch* cmeril
ncrvoui lyicin md eo caun mplraeory piralysii (Hill md Pillsbury 1939),
In iddlclon, injtcclon of illvtr nlcrac* hit* bean observed co Induce
circulacory dlicurbancei md lung eden* md congiition In mlaali (EPA 1985a),

Following chronic ixposum, th* primary affect of *llv*r In huaam li
irgyrli, a pencnmc blulih-nitalllc dlico, oration of thi skin md oucout
aeabrimi, Thl* lyndroo* cm b* either localized or genenlizid, Localized
irgyrli an occur in eht akin, lung*, or eyes, while generdlred irgyrla
raiulc* in wldiiprnd plgameaelon of ch* *kln, 17*1, md mils (Scokinger

'. 1981), Silver ilio iccuaultcis in ch* blood vest. Is and conmcclv* clnu*
(EPA 1980), Th* nijorley of r*pore*d cam of arg /ria in huami hav* betn
ob**rv*d following eh*r»p*uelc un of illvtr, chou.h in eht p**c, 1C wai alio

i noc Infriqutncly «*en a* m occupiclond dlniie,

O
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Hunan cans of argyria md ch* do*** co which affacced individual* were
•xpond were ivaurlzid by G*ul md Seaud (1935) and Hill and Plllibury
(1939), In Choii CM** in which paeimei received chenpeuclc tnjectloni of
•liver, 30*40 Injecelon* were rtctlvid ov*r a period of 2*3 y*«ri, Thi low**e
cocil don* of silv*r found Co product argyria win becween 0,9 md 1,5 g,
Anualng an 181 absorption by ch* ord roue* (Eist «e al. 1980), che coed
oral do** equlvdene eo 0,9*1.5 g *llv*r adnlnlicind intravenously ii
5-8,3 g, Hill and Plllibury (1939) examined reporei of generalized argyrl*
mulelng froa Ingnclon of illvir salts md concluded th*t a minimum tocil
do** of illvir nlcr*e* aiioclaced wieh argyria we* 6 g, equlvalene eo 3,8 g
silver. Bind on a can of argyrinla (eh* pmmc* of *llv*r In ch* blood),
Bluaberg and Cany (1934) eiclmacad chic ch* cocil doi* of illvir necessary eo
caui* irgyrl* wa* 6.4 g.

Eaic *c al. (1980) r*porc*d irgyrii of ch* fie* md neck in a 47-yeer-old .
fend* who had e*k*n m umpeclfled nuobir of oral meliaoking loztng** (each
lozmgi concalned 6 og »ilv*r ccecaee) for 2.5 y*«ri. Syapcoa* of argyria
appiand after che fine 6 aonch* of *xpo«ur*, ind total body illvir content
ac ehe end of 2,5 years wn 6.4 t 2 g. Body burdin ac ch* omie of argyria
wee isclaacid by EPA (1985*) co b* 1.3 g, Uiing ch* oral abiorpclon valuf of
181 obnrvtd In eht* individual and inuolng no och*r incak*, EPA (1985*)
c*lcul*c*d eotal dlteary inctk* in ch* 6-noneh period eo be 7,2 g,

QUANTITATIVE DESCRIPTION OP HEALTH EFFECTS

The EPA Office of Drinking Waeer hai developed m *djuac*d acceptable dally
Incite (AADI) and a guldanc* l*v*l for *llv*r in drinking waeer of 90 pg/llc*r
bned on the niuapclon eh»e a 70-kg adulc comuoii 2 Hears of wacar par day.
Thli vdua wai bu«d on ch* Coc*l oral doe* of illvtr producing irgyri* In
huaim, aa **claae*d froo en* riporei, U*lng c*** raporc* luanarlzad by C»ul
md Se*ud (1935) md Hill and Plllibury (1939) and nporeid by Bluab*rg md
Cany (1934) md EMC *e al. (1980), EPA ncloacid ch* cocal do*** of illvtr
producing argyrl* In huaan* Co b* 5,6 g, 6,4 g, md 7,2 g. In **eln*ci
ehne valu**, EPA *«sun*d 18% ibiorpcion of lng*ieid illv.r, APtOU

(J

* not a* ttadable on legibledue to aubatandatd colot ot condition o{ the



I EPA (1987) h** also derived in oril reference doit (RfD) for illvir bind on
thi can rtporti of Gaul and Staud (1935), Bluabirg md Ciriy (1934), md Eaic
•t al, (1980). Thi total therapeutic dose of illvtr given in these 3 studies
wai 1.0 g (l.v,), 6,4 g (oral), and 7,2 g (oral), respectively, Based on m
aviragi don of 0,0052 ng/kg/diy for thise 3 icudln md using an unnrcalney
faccor of 2, an oral RfD of 3,0x10'3 ag/kg/day wa* derived,

EPA (1980) adopced che icandard propoiid by cht Nitlonil Academy of Science*
(NAS 1977) md recommended m ambient wacer quality criterion (AWQC) of
50 pg/llctr for s 70-kg adult Ingntlng 2 llc*n of contamlnaced water md
6,5 g of concaminaced aquatic organlsns per day, EPA (1986) ha* also
suggisttd m *djusced AWCQ of 50 pg/llc*r for eh* protection of human hnlth
froa comuopcion of concuinacad drinking waeer alone, The NAS icmdard wii
band upon • cm of irgyri* afcer m Incravenoui injection of 0,9 g illvtr
nporced by Hill md Plllibury (1939). In eh* cdculieion of chl* icmdard,
NAS (1977) anuoed Chac 50% of lng**e*d illvtr li dtpoilctd md chic illvtr

.~ depoilci in exceii of 1 g would caul* argyri*. Band on chti* iiiunpeiom,
N-' Cht NAS (1977) and EPA (1980) icmdard* would b* proMcetv* *g*ln*c argyrl*

for 55 y**r* of expoiure,

Thi currtnc maximum conculnanc level (MCL) for illver ncablished under ch*
Inc*rln Primary Drinking Wac*r R*gul*cory 1* alio 50 pg/lletr md w*i baaed
upon a dose of 1 g *llv*r, which could result in argyria (EPA 1985b),

For occupational expoiur*, th* American Conference of Governmental Induitrlal
Hyglinlft* (ACGIH 1986) hii reconaonded i tin**w*ight*d iverage threshold
Hole valu* (TWA-TLV) of 0.1 ag/a3 for *ilv*r duic md funti. A TUA-TLV of
0.01 ng/n 1* recomnended for soluble compounds of illvir,
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SUMMARY OF SILVER CRITERIA

AADI 90 /.g/lit«r

Oral RfD 0,003 og/kg/day

AWQC:
Ingnelon of waeer and aquaelc organiin* 50 jig/llccr
Ingnelon of wic*r 30 /jg/lie*r

MCL 50 pg/llc*r
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ZINC

INTRODUCTION

Zinc (Zn) 1* a illviry meal of'low Co IncermedUc* h*rdne*i, atomic number 30
md kcooic wdghe 65.38 g/ool*. Primary um of zinc in induiery are ai •
componene of dry c*ll* md oehir baceirl**, in tliccrogalvanlzlng, and ai
alloyi, Zinc conpoundi ar* uied ehiripeueicilly n Copied aicrlngtnci,
aneidmdruff produce*, anclnpclc*, and emeclcs,

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

Zinc Is m esnncUl elenene, md le is pmme In * number of a*callo*nzyn*a,
Including carbonic mhydrii* carboxyptptld***, *lcohol dehydrogenin, glucuic
dihydrogemie, lactic dehydrog«m*i, md alkalln* phoaphacai* (Valltt 1959 aa
cletd by Huaond md B*lll*» 1980), Zinc 1* necnnry for noraal groweh and
developaenc, Hunm dwarfiin and a lack of nxual dtvalopntne hav* been
rdated co Zn deficiency (Hdieid *c *1. 1974 •* cletd by Huaond md Bdlle*
1980), '

Th*r* 1* no evidence chac zinc li carcinogenic. Scudle* which hav* been
perforoed on zlnc-concdnlng orginlc* failed co dioomcric* caracogmlc
•ffeccs (Scoklnger 1981).

Zinc silc* of scrong aclda are iicrlngine md corrodv*. Upon Ingnelon ch*y
ace a* •aeclci, md ch*y cm caui* lynpcoa* of f*v*r, muni, vootelng,
•couch craaps and diarrhea.

Zinc chloride la cauiclc and cauie* nvert md occiiionilly fecal IrrlCielon
of ch* aplchillua lining eh* crachii ind bronchi. Acuee Incirseteld fibroils
of ch* lung occurred In one facal CM* following Inhalaelon of ZnCl,, inok*
froa • look* ginmeor (Kllllken «c al. 1963).

Chronic adolnlieraclon of 0,5*34,4 ag zinc oxld* pir day for pirlodi of
1 noneh Co 1 year failed eo product ilgm of eoxlclcy in rici

O
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o
(Drinker ec d. 1927 as deed by Scokinger 1981), In another study, 0.1% zinc
wii eoltnctd In eh* dlec of ra.'.'s, 'but nor* chin 0,5% zinc reduced their
capacity to reproduce, md 1% inhibited growth and cauied severe snemla end
death (Sutton md Ndion 1937 ai cleed by Scoklngtr 1981),

Zinc oxldt hii been implicated ai che cauie of neeal fume fever In industrial
licuiclom. Typically, bran foundry workeri exposed co fun** concalnlng zinc
experience m unuiual necillic CMC* which it accompanied by dryness md
Irritation of the throat, with coughing md dyipnia, weakness, pains in th*
muscles md joint*, md • high fever which Is followed by profuse sweating.
Recovery occur* within 24-48 hour* afttr m itcack providid txpoiuri 1*
dliconelnutd, Gaierolneeiclml dlieurbmcti and localized dernaeleli nay alio
occur afcer expoiurt co zinc oxldt,

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

(3 EPA (1984) dtrlvtd m InhiUelon chronic illowible Incake (AIC) for zinc of
0.7 ag/d*y (0.01 ng/kg/day) band on Ch* Aoirlcan Conf*r*nce of Cov«rnmenc«l
Induicrlal Hyglmiici (ACGIH 1980) ricooomdid Cine-weighted avirag* Threshold
Linlc Value (TLV) for tine chloride of 1 ng/n3, This TLV wii idjuiced Co
accounc for difference* in ch* likely txpoiur* of worktr md
nonoccupiclomlly-expond Indlvlduali, md w*a divided, by an uncertainey
faccor of 10 Co procecc individuals In ch* general population who nlghc be
•iptclilly nmlclv* co Ch* chenlcal agenc, Dividing this reference dote of
0,7 ng/day by che breaching race of che average person (20 n /day) givei i
reference concmcraelon for zinc in air of 35 ng/n ,

An oral chronic allowabl* Incak* of 14,9 ng/day (0,21 ng/kg/day) was d*riv*d
by EPA (1984) bind on Ch* occurrence of mini* and reduced blood copp*r In
ion* p*cl*ne* receiving cher«peucic dons of ipproxinicely 150 ng/day zinc for
excended piriodi of clnt, A iifecy ficcor of 10 wii uied eo procecc nnilclv*
Individual*, Thli cormpond* Co « rifirince dose of 0,2 mg/kg/day for a
70 kg Individual.

"J.300703
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SUMMARY OF ZINC CRITERIA Q

EPA Carcinogen Claiilflcaclon D

onl AIC 0.21 BgAs/o«y
InhalaClon AIC 0.01 ag/kg/day
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Individual;! wlch glucoii-6-phoiphaee dthydrogtmie deficiency are likely co b*
ac Increned rlik co eht coxlc tfftcci of copper (EPA 1985*).

IngMdon of coppir nlci by huami cm ciuit iillviclon, giicrolncnelnil
Irriceelon, mum, vomlclng, giicrlc piln, htnorrhiglc giierlcis, md
diarrhea, Dermal expoiuri Co coppir nlci cm produce skin irrlcitlon and
•cztoa. Ocular concace wlch coppir lain nay product conjuncelvlcls md
comtal lesions, Inhalaclon of duici md nlici of copper sales may mule in
Irrleaelon of che mucous oiabranti and pharynx, ai will n ulceraelon and
perforation of ch* mill lepcum, A condlclon slailir Co macal fume fever his
bnn observed In worker* expoied by Inhalation co necallic copper dust at
concmcraclom of •pproxlmacely 0,1 ng/m3, M*C*1 fun* fever li chiricctrlztd
by short-cera chilli, ftvtr, aching ausclti, dryntii of throat md mouth, and
headachi, Excmslvi induscrlal *xp*ri«nc* wlch copper-welding op*raeloni and
coppir-nieal rifinlng luggaic chic no «dv*m effecci rnult from expoiure to
coppir fume* «t conc*ntraclon* of up Co 0,4 ng Cu/B3 (ACGIH 1986),

Coppir coapound* hav* generally provided negcciv* riiulei in alerobiil oucaclon
iniyi. Coppir lulfac* was obnrved eo incren* eht friqutncy of receniv*
leehd aueieloni In D. •*l*no«*ae*r ac high concincraelons. Equlvocil mule*
hav* b*«n obeilmd froa c*rcinogmlciey icudln, Adolnlicraclon of coppir
compound* co ale* by lubcueamou* injacelon ha* bnn reporced co indue* euaor
foraaclon, Orally-admlnlicired copper coopoundi wire noe found co incrtn*
euaor incldtnct in itvtral seudl** (EPA 1985*). Thtr* 1* lied* evidence in
eh* llceraeur* co luggeit thit coppir hit a c*r*togenlc *ff«ct In either
anlaili or huomi (EPA 1980) Coppir nlci idnlnlitared to pngnmt huiteri by
lntrap*rlton**l injection on day eight of geieaclon reiulced in a high
proporelon of eabryo* wlch edea* md cardiovascular defeccs (Shepard 1986),

Th* hiileh tffecei of coppir in am end mind* ire reviewed In nor* deeail by
EPA (1980, 1984, 1985b),

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

Th* Ineernaelonal Agency for R*i**rch on Cmcir (IARC) his noe evaluaced ch*
carcinogenic pocencld of coppir, Applying che criteria for carclnoganiciey «*
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propoied by EPA'i Carcinogen Aiieismenc Croup, che EPA Offlet of Environatncal f\
Crlcerla and Amiinine has d*e*roln«d thae copper ii noic approprlacily '
classified In Group D**Noc Clnalflad, This category applies co chenlcal
agenc* for which chere Is Imdequee* evidence of carcinogenlclcy in anlmali md
hunm* (EPA 1984, 1986),

EPA (1985*) ha* propoied a maximum coneuinmc level goal (MCLG) of
1.3 ag/llc*r for drinking w*c*r. Thli valu* 1* bind on ehi observation thac
coppir expoiure ac high levels may cause gastrointestinal disturbances and
ocher acue* coxic affects ac oral don* greater ehm 5,3 ng,

EPA h** ticibliihtd m amblenc wacer quality crleirlon (AWQC) for copper of
1 ng/lletr. Thli level li bind on orgmoltpclc daca for concrolllng cnee md
odor (EPA 1980), Ic ihould b* noced chit organolepclc daca hav* no ',
dinonieraeid rtlaelomhlp co advarii huaan healch *ff*cc», Copper 1* included
in ch* Nieloml Secondary Drinking Wicir R*gul*clom «• a secondary icmdard of I
1.0 ng/lletr baitd upon caiei and odor,

olThe World Htaleh Orgmlziclon (WHO) hn noe propoied * guideline for copper
band upon healch tffecci; however chey hive propoied a guldtllnt valut of 1 j
ag/lic*r band upon cht ibilley of copper co iciln laundry md plumbing '
flxcurn ic concencraeiom ibov* 1 ng/llc*r (EPA 1985*),

In eh* H*alch Effecci Aiieisainc for coppir (EPA 1984), an accipcabl* chronic
oral Ineik* (AIC) of 2,6x10*2 ng/day wii derived, Thl* valu* wa* bind on ch*
huaan low*ic*obi*rv*d**dv*r** *ff*ce level (LOAEL) of 5.3 ag/dty md by
applying an unctrcalney faccor of two, Attuning • p*rson wdghi 70 kg, in AIC
of 2.6 og/day cormpond* to a valu* of 3,7x10'-' ng/kg/day. EPA alio derived
in acceptable chronic inhalation Intaki (AIC) of 71 og/day for coppir nliti and
duici in ehi tue docunme, EPA (1984) uiid cht American Conference of
Covemneneil Induierld Hygltnliei (ACGIH) riconatndtd cime-welghced ivirag*
ehmhold llale valu* (TLV) of 1 ng/a3 (coppir du*c or miic) eo derive ch* AIC
for tnhalaelon txpoiur* eo copper, Aiiualng a 70 kg person, an inhalaclon
reference dole (RfD) of l.OxlO'2 ng/kg/day cm b* d*rlv*d (0,71 ng/day x
1/70 kg), A reference conceneraelon can ilio b* derived by dividing
0,71 ng/d*y by che inhalacion race for Ch* average parson (20 n3 In a 24-hour \J
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day), Th* reference concmcnclon for airborne coppir li 36 f.g/n3. ACGIH alio
riconomdi • clne-welghcsd average TLV of 0,2 mg/m3 for copper fume.

SUMMARY OF COPPER CRITERIA

EPA circlnogen clndflcielon Group D

Propond MCLG 1.3 ng/lieer

Oral AIC 3,7x10'2 mg/kg/day

Inhalaclon AIC 1,0x10-2 ng/kg/day

AVQC 1 ng/lleir
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LEAD

INTRODUCTION

Elemenc*! lesd 1* heavy, ducelle, and bluish-white In color, wlch ch* iconic
number 82 md an iconic weight of 207 g/mole, Ic li used widely In Industry
beciua* of 1C* lofcnni, reilicinc* Co corrosion and radiation, and high
dim ley. Lead 1* also uied ai i paint plgmnc, in lolders, ind In scorig*
baccerles ,

TOXICOK1HL a£J

Abiorpeion of Itad froa eh* gi*crolne«*cin*l ericc li estimated ac 10-15%. For
adulc hunana, ehe depodclon race of parelculaee ilrborn* leid it 30-50%, md
emneiilly ill of ch* laad depo*ic*d 1* ibiorbed. Reiplricory upcik* by
chlldnn *pp**r* eo b* greecar on a body weighe baili. Mor* chin 99% of blood
liad in hunam is moclaeid with eh* irychrocye** , hue Ic li eh* v*ry saall
fracelon of lead crmiporeed in pliini md *xcr*c*llular fluid chit providei
lead co eht varlou* body organ*. Ltad 1* icond In ch* body in bom, kidney,
md liver, wh*r* Ic nay reoain for long period* of cln*. Leid li prlncrlly
•xcr*e*d by ch* kldneyi Ineo the urlnt, md lemr uounei are elimlmeed by
biliary excricion (EPA 1984a) ,

QUALITATIVE DESCRIPTION OP HEALTH EFFECTS

Th* following intonation ha* been luoaarlztd froa EPA (1984a), Ltad hat
dlvtri* biological *ff*cc* in human* md mloali, le* effecci ar* ieen ic ch*
iubc*llul*r l*v*l of icruccum md procnm «* will as *e eh* overall level
of general funcclonlng of ch* body. Comldtnbli daca ixlic on ch* *ff*cci of
lead txposur* In huoani, but ehi iffieei ir* generally re laced co blood lead
livtli racher ehan eo *iclaae*d expoiur*,

A a«jor problem aiioclacad wlch Ind expoiure ii ehi ublqulcoui meuri of ehr.
conpound, Unlike noie ocher conculnmci for which exposure n*y bt related co
a specific roue* or sltuaclon, subsemcial background lead expoiure occurs,

o
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'! . primarily'through food, Thli background expoiure nuie bi considered when
additional ilgnlflcmt exposure rouces are Identified.

Th* major coxic effects caused by expoiure eo leid ire alterations In che
henaeopoleclc and nervous systems, Anemia caused by lead exposure his ehe
following piehogenedi, Hime synthesis Is Inhibited by the effects of lead on

: i number of itepi in ch* bloiynchiclc pachway, Specifically, lead aclmulaees
delca-anlnolevullnlc add lynchecaie (ALA-S) md chircfore Increises che
producclon of delca-aalnolevullnic acid dehydrase (ALA-D) md cherefore

• docmm eh* producelon of porphyroblllnogen fron ALA; md finally, leid
inhibits ch* incorporaelon of iron Into proeoporphyrln co form hen*, No
chmhold hi* bnn idenelfied for chl* iff ice on name producelon, Dicrnnd
two* producclon reiulcs In decreased hemoglobin producclon md mini*,
Dtcrnsed hene producclon cm alio hiv* deleeerlous effecci on ocher
hent-concdnlng protein*, luch n cycochroa* P450, which detoxify certain
chemicals in ehi body, lopalrtd heme lynchtili hai bien nporcid in idulei ac
levels of It** chin 30 pg/dl leid in eh* blood (EPA 1984*),

Two cypn of muroeoxlc ifftccs iri iisoclaced wlch exposure co leid, Levels of
| leid in the blood (PbB) of over 80 /ig/dl In children and over 100 pg/dl In

nnilelv* idules can ciui* iivere, Irrivtriiblt briln damage, encephalopaehy,
| md ponlbly deich. Parion* wlch ch*** high leveli may be aiynpconaclc or show

only sllghe signs of incoxiciclon, buc ripId decerloriclon cm occur, In
children, ptraenenc Itarnlng dlnblllci** ire inn *c these levels, even if
chere are no ovirc signs of Ind poisoning (EPA 1984a),

Ochir adverse effecci ire iisoclated wlch expoiuri Co low levels of leid, Slow
nerve conduction In peripheral nerves hi* b**n seen in adulc* «e 30-40 fig/dl
blood l**d level (PbB); alc*r*d cesclcuUr funcelon wn observed in Bin wlch
PbB level* 11 low ai 40*30 ps/dl; md rind dyifunccion has been aiioc laced
wlch PbB ltv*l* ai low a* 40 /jg/dl (EPA 1984*),

Conflicting *vidtnci 1* available for eh* gmocoxlcicy of lead md lead
compounds, Leid talci havi noe bnn ihown eo b* mucigenic In biccirla or

ii fungi, bue they hive been reported eo induce nueiclom In viscular planes,
Cercain conpound* indue* chromosome abnormalities In planes buc noe In cultured
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•lim'cdl*, Poiiclvh mules hav* b** obcalned In a call cramforaiclon
may, Zn vivo icudtn of l*«d nlci product confllcclng mule*. Chromoiomal
ibirnclon* hav* bnn induced'In bone marrow of raci md nlc* md In culeund
pirlplwral lynphocyeei obciinid from monkeyi, Cycogmtcic icuditi wlch people
•xpoiid co lead have produced poiiclve mule* In approximately half Ch*
nporc* (IARC 1982).

Dicniied ftrellley md f*coeoxlc effecei hive bnn reporced In laboracory
rodencs *xpo**d Co l*«d, buc this* iffices nay have been rilaced co
daflclmcl** of och*r eric* n*eal* in ch*i* icudlii. Lead exposure has bnn
aiioclicid wich iponcamou* aborciom, prioaeurt delivery, and early menbran*
rupCure in huaam; how*v*r, nliibl* exposure escioaces are lacking in moie
CM** (EPA 1984b). Sk*l*e*l nalforaaclon* ifcir l*ad Injicelon hav* been
nporeed In raci, nlc* md hioictri (Liomrd ie *1. 1984),

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

0|
Oral Ingnclon of c*re*ln l**d nlci (l*ad icicice, lead phoiphtct, leid
lubactcici) havt bten •nocUced wleh incnned renal Cuoor frequency in raca I
(EPA 1983*), buc no quanclcaelve ticlnac* of excen cmc*r riik hi* bitn
p*rfon*d by cht Carcinogen Amiiome Group of EPA, Applying eh* crlecrla •
described in EPA'* Guideline* for Carcinogenic Riik Aiieismenc (EPA 1986), I
chin lead nlei hav* bitn cluilfltd by EPA (1985b) In Group B2--Probable
Hunan Carclnogm. Thl* cactgory appll** Co igenci for which ehtn la
InidtquiCi *vld*nc* froo huaan scudlss and lufflciine evidence froa animal
leudlii. However, EPA (1985b) alio hu noced chic eh* aviilible daea provld*
•n Imufflclmc bull on which eo rigulic* l**d scecace, lt*d phoiphaci, md
Ind lubicecace as huaan carcinogens. Dosages chae induced kidney tuaors in
raca were very high (beyond ch* l*ch*l don in huaam), md **v*ral excemiv*
epldeaiology icudlis h*v* noc ihown in niocliclon b*ew*en le*d *xpo*ur* md
Incrnnd Incldincn of cuaors in occupaclonilly exposed work*r* (EPA I985b),

Th* inc*rla oaxloua concuinanc l*v*l (MCL) for drinking wacer md ch* ubi*nc
wacer quallcy crlcerion *r* boch 50 /.g/llcer (EPA 1980, CFR 1984), In deriving *>•-.-,
che ublenc wacer quality criterion, EPA decernined chae comunpeion of wacir
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coneulrnfed wlch 50 /ag/llc*r would Incrni* PbB levels to' around 15 /ig/dl In
chlldrm. If th* population avenge wai 15 pg/dl, thi Centers for Disease
Control (CDC) calculated that 991 of all children would havi a PbB level of
leii thin 30 pg/dl, Thli wai bind on i CDC definition of "Ind toxicity" In •
child a* a PbB level greater thin or equal to 30 pg/dl md in erychrocyce
protoporphyrln (EP) level greicer chin or equal to SO /ig/dl, Band on this
calculation, EPA determined chat the present drinking wacer standard wis
iccipcibl* a* m upper Unit, However, band primarily on th* new Information
suggesting that neurological Impairment my occur in chlldrm at PbB levels of
1*** thm 30 Mg/dl, CDC he* reviled lea crictrl* for lead coxicley Co PbB
levels greater than or equal co 25 Mg/dl and EP levels greater than or equal eo
35 jjg/dl (CDC 1985),

A drinking wanr maximum conculnme level goal (MCLG) of 20 pg/llur
(.02 ng/lle*r) ha* bnn propoied by cht EPA Offlc* of Drinking Witer (ODW).
Th* propond MCLG 1* bind upon eh* heilth effecc* of leid In Infmci and
pregmne wontn ** • nndelv* subpopuliclon (EPA I985b). Blood livils ibov*
' 15 /ig/dl were ld*ncifl*d n eh* level of concern, md ftcuits and Infmci undtr
2 ytars of agt art eht itnilcivt lubpopulaelon, In order co procecc eh* fecus,
ie wai comldered advliibl* Co Hale eh* blood l**d level In women of
chlld-biirlng *g* co b*cw**n 15 md 20 /.g/dl line* icudlii indlcice chae Ch*
raclo of ftcal/nactrnal blood leid viluei In clos* eo 1:1 (Hubirnone
te *1, 1978 11 cited in EPA 1985*), An ibiorpclon coniemc of' ,16 wn
Identified n che raclo of blood lead In Infmci co lt«d Intake in eh* dlec
(Ryu ec al, 1983 ai clnd in EPA 1985b), An oral rlik reference do** (RfD) of

-46x10 ag/kg/d*y can b*
2 llt*r/d*y x 1/70 kg),
6x10*'* Bg/kg/d*y can b* derived based on che ODW analyil* (0.02 ng/llc*r x

Th* Clean Air Ace National AnbUne Air Qudicy Scmdard for lead Is 1,5
This icmdard is currently being evaluated for revidon (EPA I985c) ,

Acceptable Intakei for chronic or lubchronlc -p*rlod* of *xpoiur* were not
cdculaced for eicher inhaliclon or oral ingeselon In ch* Healch Efface*
Assessment Document (EPA 1984b) because che general populaeion it already
eccrulng univoldable background expoiurei ehrough food, w*c*r, md du*e, Any
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signlflcane Incrnii above background txpoiur* would nprinnc • cauie for *\
concern,

Ac prtsenc, huaan health crlcerla for lead In loll have noc bnn established In
che Unlctd Scieei, Th* Unlcid Klngdon Dlrecconci of ehi Envlronamc hn
developed a nntativ* guideline of 550 ppn for lead in soil In mldmcld
•mi (Salch 1981) , Vimon Houk of ch* Cencer* for Dtseiie Concrol hn been
quoetd M Indlcielng chae level* of lead in toll of 300*400 ppn are acceptable
band on icudl** of childhood l«ad poisoning (Mi* Ik* *c al. 1984),

Th* American Conference of Governmencal Induscrlal Hyglmlscs (ACGIH 1986)
moaatndi i clne-weigheed nvirag* Thrnhold Llnlc Valu* (TLV) of 0,15 ng/n
lead in air,

!
SUMMARY OF LEAD CRITERIA

I
Inctria MCL 50 MS/---"
Proposed MCLG 20 pg/lic*r 1̂
Oral RfD (bned on ODW analyali) 6x10"* ng/kg/day *•"'
National Aabianc Air Quail cy SCandard 1.5 /.g/n {
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MANGANESE

INTRODUCTION

Eliotncal manganese ii i grey-whlce mecal resembling iron, wlch ch* acomic
nuabtr 25 md m acomtc weight of 55 g/nol*. Ic 1* • highly reacclv* mecal md
can be prennc In i*v*n oxldaclon itatis, Hinginm 1* of cm used 11 an alloy
co Imparc hirdnni,

TOXICQKINETICS

Mangmn* 1* ibiorbid ac low livili following oral or Inhalaclon expoiure,
Gaierolnceielnal ebiorpcton li conerolltd by honeoicaelc mechaniins md
Influtncid by omy faceor* including age, don and availability in ch* dice,
md Inciracclons wlch oth«r n*t*l* or ocher dl*c«ry comclcuenei , le don noe
c*nd Co blo*ccuaul*t* in body eliiuii, Elinlmelon 1* primarily ehrough fecil
•xcnelon (EPA 1984*) . ŝ l

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS
< i

Mangimit 1* m nnneltl eric* *l*a*ne for aany mlnal ipecln alchough ch*r*
•r* no w*ll*d*fln*d occurrence* of aangineii diflclmcy in huaam. M*ngm*n j
deficiency in rodent* 1* Mioclaeed wlch skdtcal •bnoraaliclea, iopalred
growth, *caxia of ch* mwbom, and defecci In llpld and carbohydrac* meiboliin
(EPA 1984*) .

Th* eoxlc *ff*ce« of chronic rnngmne txpoiur* hav* b**n icudied prlnirlly In
worktr* who hav* Inhaled nmgimit-coneiinlng dusc (EPA 1984*) . Expo*ur* eo
high l*v*l* of nmgi\mi* c*u**i pmuoonlcl* in expoied workers , Chronic
expoiure hn also been nsoclicid wlch amginlin, a progrmlve neurological
dlseiit dollar Co Parklmon'i dlimi, omlfiicid by ipiech dlicurbincec , a
oaikllke, face, ercoora, dlfflculelii in walking, and lexual dlieurbmci* (EPA
1984*), Alehough expoiur* In ch* cm* of mingmlim riporced by EPA (1984i)
wai by Inhalaclon, ion* of ch* nmginin ch*e 1* lnhal*d cm b* r*oov*d by
nucocllUry cleirmce and consequencly swallowid (EPA 1984*) md eh*n becomes O
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available-for absorption from the gastrointestinal tract, Once case study
reported apparent oanganlsm associated with extremely high levels of manganese
in a drinking watir will, further suggesting that Ingescion, as well aa
Inhalaclon, li m inporcmc route of exposure (Kiwuura ec al, 1941), Chronic
exposure eo manganese alio ciiui Increases producclon of erychrocytes, wlch
comequenc Increases in hemoglobin values and erychrocyce counci,

Circaln manganese compounds have been shown co b* mucigenlc In a virieey of
baceerlal eeici. Manganese chloride md pocasaium permanganace have been shown
eo ceuie chronoionil ibemcloni in noun mammary carcinoma! cells, Manganne
wei noderaeely effective in enhancing viral transformation of Syrian hamster
embryo cell* (EPA 1984a,b),

Ther* 1* no •vldmc* chae orally adnlniicmd manganeie li carcinogenic for
humans or liboricory inlmili, Intramuicular injection of manganeie
aceeylicieomce hn b**n nporetd eo increase Injtceion-dct iircoaai, while
Injtcelon of ochtr nanganeie compounds hn noc Incrnnd euaor Incldincei,
Injicclon of Bingmtn duic*, along wlch eicher nlckd lubsulfld* or
b*nzo[*]pyr*ni, hi* been ihown co depreii cuoorlgmnli cauied by theie
conpoundi (EPA 1984*),

Mingmeie expoiure hn noc been aiioclactd wlch ciracoganlc tfftces; le hi*
bnn moclieid wleh depreiiid nproducclv* performance In boeh hua«ni md
laboracory anloali, A relielonshlp between nsngmeie eoxlciey md lapoetncy In
huami nil been reporeed. Incrnnd Incldencei of iclllblrchi md *ponc«neous
iborelom in eh* wivei of worktr* occupitiomlly expoied co ninganiie have also
bnn nporctd, In laboneory rodenei, rtcardicion of reproducelv* d*v*lopa*nc
md reduced f*rcllicy h*v* bnn cccn (EPA 1984*),

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

Udng ch* EPA Carcinogen AaieiiBine Group's crlctrla for ivaluaclng ch* wdghc
of Ch* evidence for carclnogmlcicy In humim (EPA 1986*), ch* EPA Offlc* of
Environnencal Criteria and Assessment hit diceruined chae nangentn 1* note
appropriately claiilfled in Group D—Noe Claaslfied, Thli cietgory ippllei co

O
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chiolcal agenes for which there U inadequaei evidence of carclnogenlcicy in -
anlmili md huoma, ' I'

EPA (1984b) hai eitibllshed iccepeablt levels for chronic Intake (AIC) for
mngmese for boch eh* orel md Inhalaclon axpoiur* roue**, Th* d«rlvaclon of
ch* oral AIC wai band upon *cudl*s by Uung *c al, (1981) and Lal *e al.
(1982) in which rac* were ixpond up uncil 120 days of age co drinking watar
containing 0, 1, 10, or 20 mg/ml ninganm chloride, No adverse affects wire
observed In rats receiving drinking water conednlng 1 ng/nl manganese
corresponding eo a don of 22 ng/kg/day, Band on cheie mules, md AIC li
calculaeid by nulclplylng cht animal doie by 70 kg (naumid welghc of m idulc
human) md dividing by an uncircilncy faccor of 100, The reiulcane AIC li
15,4 ng/day (2.2xlO-1 mg/kg/day),

The inhalaclon AIC eicabliihed by EPA (1984b) wn bind upon * review of
epld*alologlc*l daca ind « decenlnaclon of *n idverii effcce thrtihold for I
aangaiMi* In huaan* of 300 jig/B3. An AIC of 21 rig/day 1* derived by aiiualng
eh* avarag* parion inhale* 10 a? of air during eh* workday and by expanding |
ixpoiuri froa 5 co 7 diyi/witk. An unctrcelncy faccor of 100 wac also appllid, O'
Assualng an adulc wtlghi 70 kg, cht Inhalation AIC of 21 eg/day cormpondi co
• value of 0,3 MgAg/day (or 3x10** ag/kg/day), i

EPA (1986b) hn eieabllihed in Aablmc Water Quilley crleirlor. • AWQC) for
aanganeie of 30 pg/llc*r bind on orgmoUpclc daei for controlling caict md
odor. Ic ihould bt noeid chic orgmoUpclc die* hiv* no dinomtricid
relatiomhlp Co idverii huaan hedch iffecci,

Th* Anerlcm Conftrence of Govamacncd Induacrlal Hyglenlici (ACGIH 1986)
r«cona*nd* a celling Hale of S ng/n3 for nangmiii du*e,

SUMMARY OF MANGANESE CRITERIA

EPA carcinogen c.mlflciclon Group D
Oral AIC 2,2x10'- og/kg/day
Inhalaelon AIC 3,0x10-* og/kg/day
AWQC 50 (ig/lic*r Q
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NICKEL

INTRODUCTION

Nlcktl Ii a luscroui whin, hird ntcal wlch aeoalc number 28 and an iconic
wilghc of 58,7 g/aoli. Ic li uied In welding, In eleccroplatlng, In seorage
bicciriei, md In numerous high cemperacur* and corroslon-railscanc alloys,
Relatively Urge anouncs occur naturally in vegecables, leguoei, md grains
(EPA 1980, 1986b).

PHARMACOKINETICS

Nickel compounds cm be abiorbed following Inhalaclon, Ingeieion, dermal or .
partncal expoiure, The uounc ibsorbed depends on che doit adninlscirtd and |
ehe chenlcil and physlcil fora of che parclcular nickel compound.
Gncrotnteiclml abiorpclon alio dependc on che coopoclcion of eh* coed dice; I
in gtntril, vtry llccl* of ch* nickil lng**e*d In food 1* absorbed. Ab*orb*d
nick*! is carried by cht blood ind cliiu* dlicrlbuelon depind*, In pare, on eh* s~\\
roue* of expoiure md eh* do** Uvel (EPA 1986b) , Rae* exposed eo nickel had
elevaced concmcraelom in ch* kidney, liver, hiirc and cncei, whil* calve*
hid tncremd Itval* In eh* pancriii, c**e*i md bom (EPA 1987*). Excreclon '
of umb*orb*d nickel 1* pr*doalmnely ehrough ch* f*c*i and abiorbid nickel It
•llalnaccd prlairlly ehrough eh* urln* (EPA 1986b) .

QUALITATIVE DESCRIPTION OP HEALTH EFFECTS

The occurrence of iciclielcilly ilgnlflcme ixcenii of naial cavlcy md lung
cancer* In nickel refinery workeri hec been dinonieneid in • nuobir of
•pldiolologlc icudlei, Recenc icudiii have alio luggecced thac nick*! *xpo*urt
oay mule In cinciri of ch* larynx, kidney md proicaci (EPA 1986b) , The
Ineernaclonal Agency for Rnnrch on Cancer (IARC) h*i concluded chic tone
fora* of nickel art probably circlnogenlc Co oan by Inhalaclon (IARC 1982).
However, because daulcmious txposurc co several nickel coapounds usually
occur* in ch* workplac*, le hit bnn dlfflculc eo d*e*ralne which specific
coopoundi in circlnogtnlc under ch*** condlelom,

O
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if ) Th* Carcinogen Aiimninc Group (CAG) of che Envlronaental Proceccion Agency
(EPA 1986b) hn eiclnated unit risks for development of cmcer associated wlch
Inhalation txpoiur* Co nickel refinery duic md nickil lubiulfldi, CAC bind
lei unit riik esclaieei on che resulci of epldemiologlc studies of nickel
nflmry workers, These studies provide conprehenslve documentation of ehi
niocliclon bacween Inhalaclon exposure co nickel md cxcns rlik for cmcers
of ch* mial cavlcles md lungi, and conealni ch* best daca currently available
for estimation of inhalaclon unit riski.

Particle sizes of nickel compounds are generally miller in ubient air thin In
tht occupational environment, Comtquently, exposure to then conpoundi in
ambient ilr in conpirlion with ixpoiuri in the workplace would b* likely to
rnult In grnter depoilelon In ch* lungi chin In che nasal cavlcies, In
•ddlclon, P*d*r**n *c al, (1973) luggaie chae ch* natal caviey cmcer* obierved
uong nickel refinery worker* ire ipiclflcdly inoclactd wleh ixpoiuri Co

• form of nickel preitne in eh* refineries, but not in aablenc *lr,
Accordingly, ch* ricii of lung cmc*r moclaced wlch occupicloml exposure eo

Qj nick*! aay noc b* *ppropri*c* for ••claaelon of eh* rliki iiiocliced wlch
ixpoiur* Co nickil In cht giniril invlronomc,

I
Inhiliclon ixpoiur* eo nickel ccrbonyl or nlckd lubiulfldi hai been rtporetd
eo product lung Cuoori in l*bor*tory anloal*. Th* Naclonal Toxicology Progru
1* in ch* proem of conducclng inhalation carclnogtnnli bloiniyi wleh nickd
oxide, nickel sulfit* and nlckd lubsulflde, buc ehii* icudies hive noc y*c
bnn conpleced, Several nickel silts hav* b**n r*porc*d Co causa localized
euaor* ae eh* lie* of Injecelon or inplmeaclon (EPA 1986b), There 1* no
evidence ch*C nlck*l 1* carcinogenic In hunmi or anlnali when lng**C*d, md
EPA (1987a) doe* noc conaldar nlckd co b* carcinogenic by Ingnelon,

Nick*l*conc*lnlng coopound* have bnn obnrvid co dicmit ch* fideliey of DNA
lynched* md erimcrlpclon and co Increiie eh* frtqutnclti of chroBoional
ibnoraillelii, ilicir chroaacid *xch»ng*i, md cell erimfomiclons in
aianallm ctlli in vitro. Culcund lyaphocye** fron work*r* expond eo nlckd
coopound* hiv* been reporced to hav* t higher frequincy of chroaicid gapi Chin

/ . lynphocyc** fron un*xpo**d people, However, *l*vac*d frequency of oeher types
of chronoionil aberrations or slsc*r chronacld exchanges hav* noe been
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obiirvid, ' Circdn nickel compounds may Indue* gin* nuciciom In bacteria and /^
cultured nanoallan call*, hue evidence for this li llnlcid (EPA 1986b),

Nick*! idei *r* known co product dlarglc contact dermaclcls In huami upon
chronic expoiure, In chli ellirglc condition, syapeoas may develop In 7 Co 10
dayi following exposure Co nickil silei, Nickel denude!* mosc frequently
d*v*lop* *fc«r **v«r*l yein of conclnuid low exposure (Dim ic al, 1986),
Onci acqulrid, nickil imiiclvlcy tendi co persist, Sensitized subjects may
experience allergic reaction* ac concmtratlom bieween 0,5 md 2 fig/ml nickel
(Scoking*r 1981).

Adverse effeccs aiioclacid wleh acuce txpoiur* in animals Include depressed
wdghc giin, htoacologlcal effecci md incriand iron deposiclon in blood,
hearc, kidneys, liver, md cescss (EPA 1987*). Chronic expoiur* h*i bien
aaioclacid wich pichologlcil tfftcei on eht rnplracory, indocrln* md
cardlovaicular lyiceni including iichoa, nisei sipcil pirforiciom, chronic
rhinleii md ilnuilcli, hyparglyciala, decrined clrculielng proliccln l*v*li,
d*cr*md lodln* upc*k* by eh* chyroid, md vnocomtrlctlon of ch* coronary /*«(
vnnl* (EPA 1986b),

Expoiur* eo nlckd ha* bnn ihown co liad eo d*l*c*rlou* r*produceiv* effece*
in laboracory anlmli including d*g*mr*clvi change* in eh* oale nproducelvt i
cricc and d*cm**d nuab*n of inplaneaclom md viable tabryoi in expoiid
ftaalta. Tiricogmlc and faeocoxlc *ff«ce* hav* b**n obatrvid In ch* offiprlng
of ixpoitd anioal* including icruceurai oalforaaclont enconp*sslng ch* *k*l*con
and *ofc elnuei, Incriui* in monacal d**ch, and low birch wdghc (EPA
1986b).

OUANTITATIVl DESCRIPTION OF HEALTH EFFECTS

Applying ch* crieirli diicrlbid in EPA'i Guideline* for Aiminmc of
Carcinogenic Riik (EPA 1986a), EPA ha* cliiilfled nickel refinery duce and
nickel lubiulfld* by ch* inhdacion expoiure rouce in Group A*-Hunan
Carcinogen. Thl* cacegory *ppll*i eo *g*nc* for which chere 1* sufficlenc
•vld*nc* eo *uppore eh* c«u*«l iiiocliclon btewnn hunm ixpoiuri eo chin
agenci md cmcir, Nlckil cirbonyl, by inhilicion, has bnn claiilfled in >•'
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ifJ Group B2--Probabl* Huaan Carcinogen .(EPA 1986b), Nickel conpounds by ehe oral
expoaure rouct have bun classified In Group D--NOC Classified, because of the
lack of sufficient tvldtnct of carcinogenicIcy following Ingeition (EPA 1984),
Furthtr Investigation 1* necessary to delineate the carcinogenic potential of
other nlcktl compounds, Sone biochemical and in vtero lexicological dad
•uggnt th*t che nickel ion Icself my bt carcinogenic md, chtrefon, all
nickel compounds could be poctnclal carcinogens (EPA 1986b),

The Carcinogen Assessnent Group (CAG) of EPA (1986b) computed ehe geometric
meini-of ehi Individual unit risks for nickel refinery duic calculated fron
four npiract epldemlological icudies, Bind on low md high expoiure
eicloacei, Che composice unlc risk ranged fron l.lxlO'5 co 4,6x10'* (Mg/m3) ,
wlch • nldpolne of 2,4x10'* (Mg/m3)' , This nidpolnc value correspond* co a
carcinogenic pocency ficeor of 0,84 (ng/kg/day)-1, CAG ilso d*rlv*d a unlc

i risk estinate for nickel subsulfid* bind on Iti eiclmace for nlcktl refinery
' duit, Slnct nlcktl refinery duit li roughly SO* nlcktl lubiulfidi, tht unit

riik for duit w** nultlplUd by a factor of cwo producing a unlc riik nclmaea
Q_/ of 4.8x10'* (Mg/a3)'1 and a carclnogtnlc pocency faceor of 1,7 (ng/kg/day)'1

for nickel subiulfide (EPA 1986b). Then valuii my b* uiid is upper bound
j eicinices of cancer rlik* eo nonoccupeclonally expoied individuals,

! EPA (1985, I987a) developed a llfeclne healch idvliory (HA) for nlckd In
' drinking waeer baced on a 2-year icudy in ran given nickel ln':helr diec

(Ambrose *c *1, 1976), A dliidvaneag* of chl* icudy li Chic absorpcion of
aecili froa ch* g«*crolne*»elml cncc nay b* decreaaed by eh* presence of
cercaln dlaciry comtltumts (Rabar and Koiclal 1981, Foulkei 1984), Bind on
a nunber of paru*e*n, chl* itudy reported * no-obi»rved-«dv*rs* effece level
(NOAEL) of 5 og/kg/day nlckd, Taking Inco comldcraclon eh* isiuaed
dlff*r*nc* In ibiorpelon of nick*! in food versus wacer (0.20), a provisional
•djuactd allowabl* dally incak* (AADI) of 0,350 og/lleir wai calculacid, After
•inning human expoiure froa eh* diec md air, a llfacln* HA of 0.15 ng/llc*r
wii developed for ixpoiur* eo nlckd in drinking wac*r (EPA 1985, 1987*),

In Ch* Hnlch Effecci Assessnenc for nlckd, EPA (1984) derived m oral
/> allowable ineak* chronic (AIC) of IxlO"? ng/kg/day bind on che tui icudy
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(Ambrose e'c al. 1976) used by ch* Offlc* of Drinking Wacer (EPA 1987a) co A
derive ehe lifecla* HA for expoiur* fron drinking wacer,

Mor* ncmcly, EPA (1987b) derived m oral reference do** (RfD) for nickel
baaed on eh* Ambrose *e al. (1976) seudy, In chl* scudy, groupi of raci win
adalniicirid nlckd in eh* dlec for 2 yean ac concencriclons of either 0, 100,
1000, or 2500 ppm (nclaacid as 0, 5, 50, and 125 mg Nl/kg bw, respectively),
Body welghcc in ehi high-don malt and female racs were significantly decreased
compared with controls, Body welghe wis alao reduced ac 1000 ppn; chis
reduction waa significant for females it wsek 6 md fron week 26 ehrough 104,
whertai naln showed body welghe reduccloni only ae 52 weeks, Groups of final*
raei on cht 1000 or 2500 ppn nickil dleci (50 and 125 ag Nl/kg bw) had <
ilgnlflcancly higher heare-eo*body welghe raeloi md lower llver-co-body welghe .
racloi ehan concrol*, No signiflcmc *ffecti wir* r*porc*d ae 100 ppn |
(5 ag Nl/kg bw), Th* don of 1000 ppa (50 ag Nl/kg bw) reprmnei • LOAEL for
chli icudy, whenai, eh* don of 100 ppa (5 og Nl/kg bw) don 1* a NOAEL. In I
ehi* icudy, 2-year lurvlval wai poor, pirclcularly In conerol raci of boch
iixii (aorediey; 44/50); chla ha* ralnd ion* concern about ehi Ineirpricaclon ~̂ |
of eh* mule* of chl* icudy (EPA 1987b). Uilng a NOAEL of 5 ng/kg/day md m ^~ *
uncereilney faccor of 300, and oral RfD for nickel of 2.0x10"-' ng/kg/day wa* <
derived, A confidence racing of mdlua wa* assigned Co chis valut (EPA 1987b), 1

EPA (1980) •icabllihed an Aablmc Wae*r Quality Crlccrlon (AWQC) of
13,4 Mg/Uc*r for ch* procecclon of huam healch froa eh* eoxlc propercie* of
nlckd Ingeiced ehrough wacer md *qu*elc organlsas, md an AWQC of
100 Mg/Uc*r for proeecclon of huaan health froa nickil Ingnced through
aquaelc orgmliu done. EPA (1980) derived m adjuacid AWQC of 15,4 pg/llc*r

• bind on eh* *ff*cc* of nlckd ingticid chrough drinking waeir ilone.

Th* Amrlcin Confirmc* of Covemaencd Induicrlal Hygienlici (ACGIH 1986)
rtcoaomd* elot-welgheid ivirig* Thmhold Llale Valu** (TLV) of 1,0 og/o3 for
nick*! B*e*l and Imoluble Inorganic nickel coopound* md 0.1 ng/n3 for solubl*
nick*! compounds,
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SUMMARY OF NICKEL CRITERIA

EPA Carcinogen Clnilflciclon

Nickil refinery dusc, Inhilieion Group A
Nickel tubiulflde, Inhalaclon Group A
Nickel carbonyl, inhalaclon Croup B2
Nlckd, oral Group D

Inhalaclon Carcinogen Pocency Faccor (q1*)

Nlckd refinery dusc 0.84 (ng/kg/day)'-
Nickel lubiulflde 1,7 (mg/kg/day)'1

Oral RfD 0.02 ng/kg/day

AWQC
Ingnelon of wacer and
aquatic organisms 13.4 pg/lle*r

Ingnelon of wac«r 15,4 /.g/llnr
Ingnelon of aquaclc organisms 100 /tg/llctr
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NONCARCINOGENIC AND CARCINOGENIC
POLYCYCLIC AROMATIC HYDROCARBONS

INTRODUCTION

Polycyclic aromatic hydrocarbon* (PAHs) are * diverse class of compound;
comliclng of cwo or nor* fuied aromtic ring*, They ire formed during che
Incomplete conbuiclon of materials concilnlng cirbon md hydrogen md are
ublqulcous in eh* modem environment PAHs ire commonly found as constituents
of coal car, loots, vehicular exhausts, cig»rectte inokt, ctrcain pteroleun
produces, roid car, mineral oils, crtoioce, md many cooked foodi,

PAHt occur in eh* mvlronnenc as complex mlxcures of many coaponencs wlch
varying noncarcinogenic md carcinogenic poctnclti, Only a few coaponenei of
Checc nlxcuri* hav* bnn ch*race*rlz*d adequately, md .inly llnicid Information
1* available on che ralacive pocencles of differine compc.unds, Th* PAHs cm b*
divided Inco cwo claases depending on whecher r'ney primarily *xhlblc
ccrclnogmlc or nonc*rclnog*nlc effects,

A nuabcr of review* hav* bnn prepared on eh* toxicology of ch* PAH*. Th*
Environmental Procecelon Agency (EPA) prepared m Anblenc Wacer Qutllcy
Crleeri* Docunenc on eh* generd class of polynucl**r aroaaclc hydrocarbons
(EPA 1980*) and Crle*rl* Docunenc* on sever*! specific PAHs, including
acenaphehcne, fluoranchene, and n«phch*l*ne (EPA 1980b-d), Hor* ncincly, EPA
(19B4*-f) prepared Healch Effecci Aiieiinsncs for PAHs ai a elm, for coal
cars, and for ehe Individual compounds banzo(a)pyren* [B(t)P], mphchdene,
phinanthrm*, md pyrene, In *ddlelon eo ch* EPA documents, Saneodomco
ee al, (1981) pr*p*r*d a review md risk tssessnenc of polynuclear aromatic
hydrocarbon*, and eh* Incirmcional Agency for Research on Cancer (IARC)
reviewed eh* Coxlclcy md carclnogenlclcy of a large nuaber of Individual PAHs
and PAH-coneainlng mlxcures (IARC 1973, 1983, 1984, 1985), The Agency for
Toxic Subicancti and Dlitaie Rtglicry (ATSDR) his published detailed
coxlcologlcal profllti for btnzo(a)pyrmt, b*nz(a)anchnc*n*,
banzo(b)fluoranchene, chrynne, md dlbtnz(*,h)mchr*c*ne (ATSDR 1987«-e),
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TOXICOKINETICS

PAH absorpelon following oral exposure Is Inferred fron che demonstrated
toxicity of PAH* following Ingnelon (EPA 1984*). PAH* ar* highly Up Id
soluble md readily absorbed fron ch* gncrolnceiclml trace (EPA 1984), Hectic
•t al. (1979) reporced thaC approximately 851 "C-labeled B(*)P was excreted In
ch* f*c*» In rat* following adalniicrielon of B(a)P in paanuc oil by gavage,
PAH absorpelon following Inhalaclon expoiure is inferred fron eh* demonstrated
toxicity of PAH* following Inhalaclon (EPA 1984a), Ic ha* bnn luggncid chae
slnulesneoui expoiure co csrclnogenlc PAH* luch at B(a)P and parclculace maccer
can Incmn eh* effeccive dot* of eh* conpound (ATSDR 1987a), PAHs an also
ibiorbid following derail expoiure; 31 of m applied don of "C-B(a)P eo huaan
skin wss absorbed under in vitro condlclon* (Kao ac al, 1985). B(a)P wa* also
found eo b* absorbed froa ch* ikln of ale*; ifcer 7 dayi, 931 of ridioiccivlcy
WM r*cov*r*d primarily In ch* face* (Smderi «c al. 1986). Absorbed PAH* art
rapidly md widely dlicrlbuted uong sever*! clsiun md excnced prlurlly in
eh* fece* (ATSDR 1987*-*).

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS j
, i

Acue* effecci froa dlncc concace wlch PAHi and reliced aictrltl* ire llalcid ,
prloarlly co phoeocoxiclcy, Phocoeoxlclcy li cauied by expoiu.-* eo • eoxlc
subicmc* followed by *xpo*ure co lunllghc. Th* primary affeces ar*
d*ra*clels--skln reddening, itching, md burning. NIOSH (1977) reviewed ch*
phococoxlc effeccs of ixpoiur* Co coal car and found chae phoeocoxiclcy can
mule froa • single 90-alnuc* txpoiur* co • It solution of coal car, Thne
dirnieom uiually dliappiar whin concicc wlch eh* senslclzar li ellnimcid,

The polycyclic iromclc hydrocarbon! have been ihown co cause cyeocoxiclcy In
rapidly prollfinclng cells chroughouc ehe body, wich ehe hiaacopoitclc lyieia,
lyaphold lyiceo, md CMC** fnqumcly noted «s e*rg*e* (Smeodomco
•e al, 1981), Thli ifftcc ippttri co b* due co Inhlblclon of DNA r*pllc*cion
by eh* PAH*. Dneruceion of the nbaceou* gland*, hyperkeracosli, hyptrplnla,
md ulciraclon hav* been observed in noun ikln following derail application of
ch* carcinogenic PAHs, wlch ch* degree of induced morphological changes O
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*| ' ippeirlng co correlice wlch che carcinogenic activity, However, Ic doei noc
inn chic ehli derail coxlclcy 1* necessary or sufflclmc for Carcinogenesis
(Smcodomco *e al, 1981), Ic should b* noeed chte similar types of dermatitis
havi btm obiirvid in workeri expoied co luch PAH-containing materials •• coil
car md mineral oil. Th* carcinogenic PAHi hav* also been ihown co hivt m
laaunoiupprtnlv* effecc in inlmali, Age In, 1C Is noe clear what rdaelomhip,
if my, ehli lonunoiupprtiilon has wich circinogeneils,

Son* of ch* noncarcinogenic PAHs havt been shown eo cause systemic coxlcicy,
buc Chece effects in generally seen only at rather high doies (Smcodomco ec
al. 1981), For exanple, illghc morphological chmgei In che livers and kidney*
of raci have been reported following oral administration of acenaphthene, On!
idmlnlicraclon of naphthalene eo nbblei and raci hai rnulced in cataract
foraaeion,

1 Nonntoplaiclc leiioni an aim in mlnali ixpond co che nore poeinc
circlnogenlc PAHi only afctr expoiure eo livili will above ehoie required co

C_/ ellclc a carcinogenic rnponie, Connqumcly, carcinogmlclcy li eht coxic
effecc of greacttc public hialeh concern following expoiure co materials
concainlng carcinogenic PAHi, A nunber of cht PAHi hive bien ihown eo bt
pocenc circlnogens, producing euaor* boch ic eh* itce of ippllcaeion md
lyicialcilly, in iivtrd differenc mine! ipecles, whin adolnlietrtd by my of
a number of roucti, Rigdon md Neil (1969) reporeed gncrlc cumori, pulmomry
adenomas md leukemiis In olci fed B(a)P, and Incracracheal imcillaclon of a
number of PAH* has been ihown co cause lung cunon In boch nlc* md huieirs
(Smcodomco *c d, 1981), In tddlclon, IARC (1984, 1985) noced chic
occupacloml expoiure eo cod *ooc, cod car md plcch, cod ear fun**, md
ion* Impure alneril olli ciuses cmcer In hunmi ac levenl sices, Including
ehi ikin, and concluded eh*c chtrt Is sufficltnc evidence chic looci, cars, md
son* mineral oil* ar* carcinogenic in humans, Fracclonaclon procedures have
dtnomcractd ehac cht PAHi art Cht carcinogenic agtnci in coal car,

Noe all PAHi have been dtnomcractd Co bt carcinogenic In mlnali, and some
carclnogtnlc PAHi ire clearly nori poctnc chin ocheri (IARC 1983), A number of

i, faccori have been ihown co influence ehe relaeivc carcinogenic potencies of che
PAHi, Thin include planarlcy of ehe molecule, cellular abiorpcion, binding
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afflnlcy, 'eh* prnence or absence of a particular molecular seruccure, and che A.
eleccron conflguraeion of ehe molecule (Dipple ec al, 1984, Frlerson ' '
•c al. 1986). In addlelon, genetic differences in eh* expoitd animals,
parelcularly In chtlr abillcy co product aryl hydrocarbon hydroxylm (AHH),
hiv* bnn ihown eo Influence carcinogenic pocency, Finally, ch* PAH* art noc
ulelaaci carcinogen* buc muse b* metabolized before chey become biologically
acelvaeid, A complice deicrlpclon of che complex metabolism of these compounds
is biyond eht scopt of this rtporc, hue i detailed review of cht faceori
Influencing eht carclnogtnlcley of che PAHs and metabolism of chess compounds
csn be found in Dlppli tc il, (1984), Smecdomco ee al, (1981), and Frlerson
ec al. (1986), For purpom of risk assessment, Ic is sufficient eo noea chae
ehe poctncles of dlfftrinc PAHi vary over a wldt range and chae a number of
faccori, Including faceori ipiclflc eo cht chemical, eht hoic aninal, and che
clrcuoicancei of exposure, afficc carcinogenic pocency,

For practical purponi, ch* PAH* are ofcen nparacid inco cwo cacigorlec, eh* i
"carcinogenic" md eh* "noncircinogmlc" PAHi, Thli ii * loaiwhic misleading
c*e*gorlz*clon a* mny of eh* "noncarclnogmlc" PAH* hive been ihown co hive **.\
•oat, albtlc wtak, carcinogtnlc acclvlcy, or eo ace n pronoeiri or . ^-
cocarclnogtni, A aori iccunce dtilgnaclon would bt co dlfferenclaea beewem
poctne carclnogim, w**k c*rclnog*ni, md noncirclnogens, Anochtr faccor
conplicieing ch* *iitiininc of rlik* pond by ch* PAH* 1* chic chty do noc
occur ilon* In nacur*, buc occur a* conplex aixcurt* concdning numerous PAH*
of varying cwclnogmlc pocmcln, Th* pocenciil inetracclon* of che
Individual PAHi preiinc «• cooponmc* of chin olxcurn ouic bt iddrtntd in
acetapclng Co quanclfy eh* carcinogenic risk* poitd by ixpoiurt co chl
alxcurti.

Th* approach adopeid by EPA (1980*, 1984*) «* ch* basis for rlik nnssnmc 1*
co apply • carcinogenic pocency ficcor calculaeid froa iiiayi on B(*)P co eh*
lubclai* of c«rclnog*nic PAH* wlchin ch* nlxcur* ch«C li eo bt mined, This
•pproach involve* chre* iiiumpeloni: (1) chic all carcinogtnlc PAHi havt eht
iu* pocency a* B(*)P; (2) ehae their effecci ar* addlclve; md (3) chic ch*
noncircinogmlc PAHi do noe concrlbuce co cht carclnogr.u'.c effects of ch*
alxcur*, Alehough che re 1* llnlctd empirical evidence co luppore muupclon*

t"' ̂(2) and (3), muopclon (1) may lead co larg* ovarnclmices of risk because _̂/'
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B(*)P It on* of ch* noic pocmc carcinogens uong ch* PAHi md li usually
presenc only in • snail percencage of eh* Coed mlxcure,

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

B(a)P 1* represencaclve of eh* carcinogenic PAHi md li clmlfled by EPA
(1984c) In Group B2**Probible Hunm Carcinogen bind on lufflclmc evidence of
circlnogenlclcy fron mini! seudie* md Inadequace evidence from
epldenlologlcal icudles,

EPA (1980*, 1984i) cilculaced * value of 11,5 (mg/kg/day)'1 11 Chl carcinogenic
pocency faccor (upper bound on llfeclne rlik) for oral expoiure Co ch*
carcinogenic PAH*, baaed on ch* icudy of Ned end Rlgdon (1967) in which oral
adnlnlicnclon of B(a)P lid Co fonieootch cuoori in mice. EPA (1984*)
c*lcul*e*d • cinctr poctncy faccor for Inhiliclon of B(a)P band on ch* icudy
of Thymn tc *1, (1981), Thli liny evaluaced ehi producclon of reipiracory

3cracc euaori in hameeri uilng B(a)P ac concencracions of 2,2*9,5 mg/m , The
llneirlzid nulciicigi *od*l yielded a carcinogenic pocency faccor of

.16.11 (ng/kg/day) , Boch of ch*** carcinogenic poetncy faceor* for B(a)P have
bnn luipmded by EPA, however, pending furchcr eviluiclon md ncalcualelon,
Furchirmore, ilnc* very few carclnogmlc PAH* ar* ai poeme •* B(*)P, •
relaclve pocency oechod 1* being developed md applied Co cunor bloaciiy daca
for ocher PAHi chae will mule in cancir pocencles chic ar* much leis (up co
cwo ordtri of mgnlcude) chm chac of B(*)P,

EPA'* Carcinogen Aasmamc Croup h*i noc nporeid • riik aiiaismenc for dermal
txpoiurt eo ehi carcinogtnlc PAHi, Smcodomco ic al, (1981) performed riik
miiiaenci for both denial md oral cxpocure and indicated ehac B(a)P wis nore
pocenc wh*n appllad d*roally chm whin sdminlseered o.'ally, A number of
ficcori nay accoune for chii difference in nlaclv* pocency md • conplece
derlv*elon of • derail pocency faccor li biyond ch* scope of chl* prof11*.

In addleion co quanelflcaclon of eh* effecti of individual PAH*, EPA developed
• cancer poetncy faccor for inhilaclon of co«l car plech vol*cll*i (EPA 1984b),
Thli icudy eviluiced tpldemlologlcil daca fron expoiure of coke ovtn worktri eo
becween 0 md greater chm 700 ng/n per raonch coal car vapors. The equivalent
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incranenca'l risk calculacid fron ch* icudy ws* 3,2 (ng/kg/diy) , Coal car
plcch volicllii were claiilfltd In Group A--Hunm Carcinogen,

IARC (1983) In reviewing ch* circlnogenlclcy of ch* PAHi, Indlcieid choie for
which ch*r* wn lufflctmc, llmlced, imdequic*, or adequice negative evidence
of carcinogenicity (Tabl* 1), Th* nor* poe*nc carcinogens ar* almost certainly
Included within Ch* group for which lufflclmc evidence of carcinogenicity li
available,

Of ch* noncarcinogmlc PAHi, mphchiUn* ha* undergone ch* moic extensive
eoxlciey nieisnenc, EPA's Environotncsl Crleirl* Amiinenc Off let hn
developed a rtfirmct doi* (RfD) for chronic oral exposure co mphchilene of
0,41 ng/kg/day bind on eh* d*v*lopo*nc of oculcr Uilom in rid (Schoal 1955,
ai clcid In EPA 1986) md occupaelonal dec* on coke oven workeri, Thli Incik*
livil 1* nsoclac«d wleh a concancraclon in drinking w*c*r of 14 ng/lic*r,
Miuolng a body wdghe of 70 kg and coniuapelon of 2 Heir* of w*c*r per day,

SUMMARY OF PAH CRITERIA

EPA w*lghe*of*«vld*nc* clmlflcielon
for b*nso(a)pyrm* B2

Oral circlnogtnlc pocmcy faccor ,
for binto(*)pyrm* (q.*) 11.5 (ng/kg/dey)

Inhalaelon carcinogtnlc poctncy ,
faccor for banzo(a)pyrim (q̂ *) 6,1 (mg/kg/day)

Oral RfD for mphchalene 0.41 ag/kg/day

*Th««* poemcy ficcori have been luipmdad by EPA.

o
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TABLE 1

CLASSIFICATION OF PAHs ACCORDING TO
EVIDENCE FOR CARCINOGENICITY

Chiolcdi for which chera it sufflclenc evidence chae chey ire circlnogenlc in
anlmlii

B*nzo(a)mehr*c*n* 7H-Dlb*nzo(c,g)c*rb*zol«
B*nzo(b)fluoranchene Dlbmzo(a,e)pyrene
B*nzo(j)fluor*nch*n* Dlbmzo(a,h)pyrene
B*nzo(k)f luormchm* Dlbtnzo(«, l)pyr*n*
B*nzo(a)pyr*n* Dlb*nzo(*,l)pyr*n*
Dlb*nzo(*,h)*crldin* Ind*no(l,2,3-c,d)pyr*n*
Dlb*nzo(a,j)acrldin* 5-M«chylchryi«n*
Dibinzo (•, h) mehracm*

Chenlcds for which chere li llalcid evidence chae chey are circlnogenlc In
mlaili;

Anchrinchnnt Dlbmzo(a,c)mehractnt
Benzo(e)*crldlne Dlb*nzo(a,j)*nchrac*n*
Carbazol* Dlb*nzo(*,«)fluor*neh*n*
Chryiem 2-, 3-, 4-, md 6-Methylchrysene
CyclopmCa (c,d)pyr*m 2- md 3-Mechylfluormchene

Chenlc*!* for which ch* evidence is Imdequace eo aim* chair circlnogenlclcy;

B*nzo(«)«crldln* Coronene
Benzo (g, h, 1) f luoranehm* 1,4-Dio*chylph*n«nehr*m
B*nso(*)fluor*n* Fluorene
Benzo(b) fluorene l-M*chylchrynn*
Btnzo(c)fluortnt l-M*ehylph*nmchr*n«
Btnto(g,h,l)p*ryl*n* Perylene
B*nzo(c)ph«nmehr*n* Phemnchrene
Benzo(e)pyr*n* Trlphenylene

Chtalcal* for which Ch* iviilible die* provide no tvldtnct chic Chey art
carcinogenic:

Acmaphchene Pyr*n*
Annephchylene
Anchricint
Dlbtnzofurm
Fluormehm*
2*M*ehylnaphch*l*n*
N*pheh*l«n*

SOURCE: IARC 1983, 1984
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7.0 SITE REMEDIATION CONSIDERATIONS

7.1 REMEDIAL INVESTIGATION (RI1 RESULTS

The results of the Endangerment Assessment (EA) have through
quantitative and/or qualitative means identified certain
existing and potential future risks to both on-site and
off-site receptors, which are attributable to the Ambler
Asbestos Files site. These risks result from the presence of
asbestos detected in the waste naterials of the Locust Street
and Plant Piles and in the sediment and surface water of the

' settling basins and filter bed lagoons. Table 7-1 identifies
the on-site current and future sources of asbestos, the

j exposure pathways, potential receptors, and whether a health
risk exists foe potential receptors.

C
In general, the risks to on-site receptors result from the

< existing and future potential for exposure to asbestos
contaminated media through both the direct contact/incidental
ingestion and ambient air inhalation pathways.

With regard to off-site receptors, no existing unacceptable
risks which are directly attributable to this site were found
as related to inhalation of asbestos contaminated ambient air.
It is noted, however, that asbestos concentrations in the
ambient air in and around this site are at the high end of the
ranges which have been documented in various studies (as
previously discussed in Section 3) for urban areas; and that
certain levels of risk do currently exist. Further, it is
projected that future risks to off-site receptors will likely
increase due to future deterioration of the interim soil cover
which was installed as part of the 1984 Emergency Action at

G
7-1
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this site. This is due to increased areas of exposed asbestos
which will result as this soil cover weathers/fails in
localized areas on the piles (if inspection and repairs are not
provided for). The lagoon sediments which contain varying
amounts of asbestos would also become an exposed source area in
the future should the lagoon ever be drained and/or if it were
to dry up due to lack of incoming surface and process related
waters.

In addition, although asbestos concentrations in the surface
water of Wissahickon Creek cannot currently be attributed
directly to this site (due to potential upgradient sources),
future pile cover deterioration and lagoon discharges during

j large storms could result in measurable risks to off-site
receptors from incidental ingestion that would be quantita-

Q tively attributable to this site.

Accordingly, remedial objectives and alternatives have been
developed and evaluated in the following subsections of this
document in order to address the risks identified as part of
the EA.

7.2 ARARS

As noted previously in Subsection 5.1.2 of the RI, an ARAR, as
titled, is an environmental law, regulation, or guideline that
is either "applicable* or "relevant and appropriate* to a
remedial action. "Applicable" requirements are those cleanup
standards, standards of control, and other environmental
protection requirements, criteria, or limitations promulgated
under federal or state laws that specifically address
chemicals/contaminants of concern, remedial actions, locations
of remediation, other circumstances at a CERCLA-regulated

U
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site. "Relevant and appropriate" requirements are those which
address problems or situations sufficiently similar to those
encountered at a CERCLA-regulated site that their use is well
suited to the particular site. Chemical/contaminant-specific
requirements for the Ambler Asbestos Piles site have been
discussed in Subsection S.I.2. This subsection will provide a
summary of action- and location-specific requirements for the
site.

7.2.1 ACTION-SPECIFIC ARARS

Action-specific requirements are controls or restrictions on
particular types of remedial activities in related areas such
as hazardous or solid waste management or waste water treatment. i

The waste piles at the Ambler site consist of a large volume of Q t
spent process waste (spent magnesium/calcium carbonate) that
contains little or no asbestos. The remaining portions consist j
of asbestos containing process waste, bad production runs,
cinders, and slag containing varying concentrations of .
asbestos. The spent magnesium carbonate tailings and the
unusable asbestos process waste are comparable to tailings from
mining sites.

The FS for the Ambler Asbestos Piles site focuses on aabestos
aa the contaminant of concern based on the results of the RI
program and EA.

According to current SARA guidance, the development of a
complete range of treatment technologies may not be practicable
at some sites with large volumes of low concentrated wastes
(e.g., large municipal landfills or mining sites). Remedies

o
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involving treatment at such sites may be inhibitingly expensive
or difficult to implement.

Asbestos is considered a hazardous air pollutant under the
Clean Air Act. The National Emission Standards for Hazardous
Air Pollutants (NESHAP) require a 6-inch vegetative cover for
closure of the asbestos disposal sites.

: RCRA regulations (40 CFR Subpart L and N) for placement of a
cap over listed hazardous waste requires a cover designed and

i constructed to:
«

e Provide long-term minimization migration of liquids
J through the capped area.

• Function with minimum maintenance.c
V • Promote drainage and minimize erosion or abrasion of

the cover,
j • Accommodate settling and subsidence so that the
' cover's integrity is maintained.
; • Have a permeability less than or equal to the

permeability of any bottom liner system or natural
subsoils present.

• Restrict post-closure use of property as necessary to
prevent damage to the cover.

• Prevent runon and runoff from damaging cover.

Asbestos is not a listed RCRA hazardous waste; therefore, the
standards for capping can be used as guidelines, although they
are not directly applicable to the Ambler Asbestos Piles.
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Relevant and appropriate requirements for capping the asbestos
piles can be cited from an EPA Record of Decision (ROD) in
Illinois and an EPA-lead site cleanup in New Hampshire for
asbestos remediation. The ROD issued for the Johns-Manville
Superfund site in Illinois includes a 2-foot soil cover
consisting of 6 inches of sand, overlain by 12 inches of clay
and 6 inches of topaoil for the remediation of asbestos
disposal pits. The cleanup of the South Bank asbestos site in
Nashua, New Hampshire, included covering the heavily
contaminated portions of the site with a geotextile and then
installing a permanent cover of gravel and seeded topsoil
(Hazardous Waste Report,, June 9, 1986). The thickness of the
cover was not stated, but it is assumed that the maximum frost
depth for that area was used for design.

Pennsylvania Municipal Haste Management Regulations state that
currently operating and proposed landfills cannot have slopes
with a final grade exceeding 33%. This regulation would apply
to the side slopes of the asbestos waste piles. The PADER
closed and is currently responsible for maintenance and
inspection/ monitoring of the two off-site asbestos piles
referred to in thia report as the East and Hest Maple Street
Piles. Both piles were covered with a vegetated soil cover
less than 2 feet and possess slopes greater than 33%.

Presently, the Pennsylvania Municipal Haste Management
Regulations are being modified to include specific requirements
for asbestos. To date, asbestos has been considered under the
category of special municipal waste. Landfill owners must
apply for a permit from the state before disposing of asbestos
materials. Generally, asbestos materials have been
double-bagged, placed in a cell, and covered with soil
according to specifications in the permit.
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Regulations for the actual treatment of asbestos materials have
not been established, However, proposed requirements for
miscellaneous units necessitate compliance with environmental
performance standards by protection of groundwater, surface
water, and air quality (50 CFR 40726).

These proposed requirements may become ARARs for stabilization/
solidification technologies if they are finalized in the near
future. An ARAR, applicable to the treatment of lagoon water,
involves standards set by the National Pollutant Discharge and
Elimination System (NPDES). NPDES requires use of the best

' available technology (BAT) economically achievable to control
toxic and nonconventional pollutants. Use of best conventional

i pollutant control technology (BCT) is required to control
conventional pollutants. Technology-based limitations may be

P- determined on a case-by-case basis (40 CFR 122.44(a)). Also,
under NPDES, which is a state-enforced program, applicable
federally-approved state water quality standards must be
complied with. These standards may be in addition to or more
stringent that other federal standards under the CWA. The
NPDES permit issued to Nicolet Inc. for the discharge from the
filter bed lagoons (Permit Application No. PA-0013471) requires
no discharge of asbestos fibers above 5 urn in length.

State and federal regulations (25 PA 273.242 and 40 CFR 251)
both require proper management of surface water and control of
soil erosion and sedimentation based on the 24-hour
precipitation event in inches to be expected once in 25 years.
These regulations would be applicable for any ground
disturbance activities implemented as part of a remedial
alternative.
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7.2.2 LOCATION-SPECIFIC ARARs

The location-specific ARARs for the Ambler Asbestos site
basically involve consideration of the Wissahickon Creek flood
plain. As shown in Figures 2-1 and 5-12 and discussed in
Section 5.0, the eastern side slope of the Locust Street Pile
abuts the Hissahickon Creek, The pile is located in the normal
floodway and the 100-year flood plain. According to RCRA
regulations for hazardous wastes (40 CFR 18(b)), this pile
would have to be maintained to avoid washout if a capping
alternative is chosen. Also, action must be taken to avoid
adverse effects, minimize potential harm, and restore and
preserve natural and beneficial values (Executive Order 11988,
Protection of Floodplains, 40 CFR 6, Appendix A).

The plant pile is not located in the 100-year flood plain of
the Hissahickon Creek as shown previously in Figure 2-1 in
Section 2. Therefore, the location-specific ARARs discussed
for the Locust Street Pile are not applicable.

7.3 REMEDIAL ACTION OBJECTIVES

The overall objective of the remedial action program for the
Ambler Asbestos Piles site is to remediate the sources and/or
pathways for migration of aabestos contaminants, which were
identified through the RI program and EA to present an
unacceptable riak to human health and the environment. This
action is required so that potential present and future
exposures, baaed on site-specific on-site and off-site exposure
scenarios will be within acceptable limits and, further, that
current site related ARARs are met, where practical, consider-
ing the nature of this site and the adjoining areas/populations.

7-8
1277E ftRSQOT

K'''"""''I {"the page -Jilted In thia {tame la not aa teada6le..ot. legible aa thia-'
label, It la due to AubAtandand colon on condition o{ the otlglnal page.



Ci
Section No. 7
Revision No. 2
Date: August 1988
Page: 9

The specific remedial action objectives that have been
developed for this site are as follows:

• Effectively restrict access to unauthorized persons
(piles and lagoon area). These persons would consist
primarily of trespassers, mostly children who have
frequently accessed the site, based on historical
reports. This objective would no longer be relevant,
however, should a complete removal action be
implemented.

• - • Effectively remove, stabilize, or contain the
asbestos-contaminated media on-site so that potential
direct contact/incidental ingestion exposures to
on-site receptors are minimized, and potential
releases of aabestos to ambient air and adjacent
surface waters are not prevalent in concentrations

; which would create unacceptable risks to on and
j off-site receptors.

^ Although not specifically a part of the scope of this RI/FS, it
-~_- is also relevant and potentially important to note at this

' point that through the data collection, sampling, analysis, and
evaluations performed as part of this project, it is indicated
that at least four other potential sources of asbestos that may
be of impact to receptors in the site area, appear to be
present near this site, as follows:

• "East and Hest Maple Street" Pile and berm around
Reservoir Area.

• Nicolet Plant Area.
• "Certainteed* Pile Area.

• Other background aabestos near the site.

No specific testing or analysis was included in this RI/FS
program to address these potential source areas; however an
ongoing investigation of the Certainteed Pile site is underway
currently and will be addressed in an addendum to this report

O (planned for issuance in late 1988),
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8.0 IDENTIFICATION AND SCREENING OF
POTENTIAL REMEDIAL TECHNOLOGIES

8.1 EVALUATIOH PROCESS

The overall objective of the CERCLA Feasibility Study (FS)
process is the identification of the most appropriate, cost-
effective alternative(s) for remediation of a site. In
accordance with SARA, emphasis for the FS for the Ambler
Asbestos Piles site will be placed on remedial technologies
that reduce the toxicity, mobility, or volume of wastes and
contaminated materials. SARA requires that EPA select a remedy
that utilizes permanent solutions and alternative treatment
technologies, or resource recovery technologies, to the maximum
extent practicable. This emphasis may result in the recommen-
dation of remedial technologies that require bench and/or pilot
studies prior to final selection.

For some special sites, however, of which the Ambler Asbestos
Piles site is believed to be best classified under (i.e.,
municipal landfills, mining sites, etc.), increased emphasis
should be placed, under SARA, on evaluation of various
containment options for reasons previously discussed in Section
7 of this document.

1 Under SARA, Congress has clarified its definition of cost-
effective remedial action (Conoraaaional Beoorq,, October 3,
1986, page H9102) as follows: "The term cost-effective
means that in determining the appropriate level of clean-
up, EPA first determines the appropriate level of environ-
mental and health protection, and then selects a cost-
efficient means of achieving that goal. Only after EPA
determines, by selection of applicable or relevant and
appropriate requirements (ARARs), that adequate protection
of human health and the environment will be achieved, is it
appropriate to consider cost-effectiveness."
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The major steps of the multiphased approach to the FS process Ll
are as follows, and are shown in Figure 8-1:

• Identification of general response actions.
• Identification and screening of applicable technolo-

gies.
• Bench- and/or pilot-scale treatability studies for

applicable technologies, as necessary.
• Development of remedial action alternatives.
• Detailed analysis of the alternatives.
• Summary and comparison of the alternatives. '
• Recommendation of remedial alternative(s). j
e If necessary, evaluation and comparison of recommended

alternatives following treatability studies. .

This section presents the first steps of the FS for the Ambler
Asbestos Piles site. The FS addresses the remedial objectives O;
outlined in Subsection 7.3, and considers information concern- '
ing the source and site characteristics available from previous i
studies and the RI,

Subsection 8.2 identifies the general response actions and
associated remedial technologies applicable to this site. The
initial screening of potential remedial technologies, baaed on
RI information, is presented in Subsection 8.3. The
technologies are screened to eliminate those that have
limitations for specific chemical constituents and site
characteristics, or have inherent technological limitations.
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B.2 CEHERAL RESPONSE ACTIONS

A number of general response actions have been identified for
the Ambler Asbestos Piles site based on the information and
data presented in Sections 1 through 7 of this report. These
response actions, the associated remedial technologies, and the
site problem areas to be addressed are presented in Table 8-1.
The identified response actions and technologies include source
control and management of contaminant migration measures, as
well as "no action." The no action response alternative is
used as a base line against which other measures are evaluated.

The on-site sources of current and future public health risks
have been identified as the asbestos-containing waste materials
in the piles and surface water/sediment of the settling basins
and filter bed lagoons. As a result, remedial technologies are
considered that primarily addrsss asbestos. The remediation of
the spent magnesium/calcium carbonate, which constitutes a r**)J
significant portion of both piles, is also considered in the
screening proceed. i

The objective of remediation of the asbestos-containing waste
is to prevent migration into the ambient air and transport via '
stormwater runoff to Hissahickon Creek. A consideration of
remediation of the magnesium/calcium carbonate is to improve
the physical characteristics (increase strength, lower moisture
content) in order to improve the stability of the piles and/or
allow for off-site transport of this material. The objective
of remediating the surface water in the settling basins and
filter bed lagoons is to allow for discharge to Wissahickon
Creek, or potentially to the local Ambler wastewater treatment
plant.
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Table 8-1
General Response Actions and Associated Remedial
Technologies for the Ambler Asbestos Piles Site

Site Problems
General Potential Remedial Primarily
Response Technologies to Addressed by
Action be Screened Technologies

No action Monitoring Does not
Upgrade Site Security address site

problems except
. for reducing

human and wild-
life contact of

; exposed areas of
' the piles and sur-

face water/sedi-
• ment of settling
j basins and fil-

ter bed logoons.
J Surface Hater surface Hater Management Improves drainage

Management patterns from
and Erosion • Regrading and reveg- piles (tops and

I Control/Sed- tation side slopes to
I imentation • Diversion ditches and minimize further

Measures interception trenches asbestos exposure).
• Sedimentation ponds Diverts runoff to

and basins minimize cover
erosion on slopes
and collects run-
off to control
sediment transport
off-site.

Capping Capping Techniques Contains asbestos
• Synthetic mombranes fibers in pile
e Low permeability soils waste material and
e Surface sealing sediments in basins

- Soil/bentonitu and lagoons pre-
admixturea venting entrainment

- Asphalt/concrete of fibers into
j • RCRA-type multilayer ambient air

• Stabilizing cover ,and surface water.
system
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Table 8-1
(continued)

Site Problems
General Potential Remedial Primarily
Response Technologies to Addressed by
Action be Screened Technologies

Complete or Excavation/Dredging of Solids Removes source
Partial Removal Pumping and Filtration of of asbestos

Liquids in surface
water sediments
and waste piles.

In Situ Thermal Treatment Stabilizes
Treatment • In situ vitrification asbestos in

order to pre-
vent entrain-
ment of
asbestos fibers
into ambient
air.

On-Site Thermal Treatment Reduces mobility
Treatment e Vitrification and/or toxicity

solidification/ of asbestos
stabilization contaminants.

• Cement/pOEZolanic
e Thermoplastic micro-

encapsulation
e Precipitation/floccu-

lation/sedimentation
e Filtration
• Evaporation
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Table 8-1
(continued)

Site Problems
General Potential Remedial Primarily
Response Technologies to Addressed by
Action be Screened Technologies

Off-Site Solidification/Stabilization Stabilize
Treatment • Cement/pozzolanic asbestos in pile

• Thermoplastic micro- waste materials
: encapsulation to prevent/re-

Physical/Chemical Treatment duce entrain-
• Precipitation/floccula- ment of asbestos

tion/sedimentation into ambient air
i and transport
> via runoff to

area surface
( w a t e r . Removal

of asbestos
fibers in la-

,-, goon surface
\J water prior to
' discharge to

creek.
' Off-Site Landfill Containment of

Disposal aabestos in waste
piles and lagoon
sediments.

On-Site Landfill Containment of
Disposal asbestos in

waste piles and
lagoon sediments.
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8.3 fif'!EEHING OF POTENTIAL REMEDIAL TECHNOLOGIES f̂

The surface area volume of the waste piles, lagoon surface
water, and sediments containing asbestos were estimated using
pertinent surface and subsurface data.

The estimated volumes and surface areas are presented below
(calculations are provided in Appendix E):

Haste Piles
Locust St. Pile Volume feu,yd.)
• Asbestos Process Waste 123,000
• Cinders/Slag/Asbestos Berms 215,000
• Magnesium/Calcium Carbonate 277,000
• Area of Exposed Waste -

200,000 sq ft

Plant Pile
• Asbestos Process Waste 96,000 O'
• Cinders, Slag, Out-of-Spec ,

Asbestos Products, Sand Haste 211,000
• Magnesium/Calcium Carbonate 333,000 .
• Area of Exposed Haste -

170,000 sq ft

Settling Basins/Filter Bed Lagoons 1
Sediments (assume 3 ft thick) 4,500 cu yd
Surface Hater 1.9 x 106 gallons
Surface Area 40,500 sq ft

8.3.1 SCREENING PROCESS

The objective of this screening is to initially identify the
remedial technologies best suited for further consideration in
developing remedial alternatives for the Ambler Asbestos Piles
site. The focus of the screening process is to eliminate
technologies, based on information obtained from the RI, that
are not feasible because they may prove difficult to implement
or have severe limitations that would prevent achievement of
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the remedial objectives, The technologies are considered
according to their technical feasibility in relation to site
and waste characteristics and applicability to the problem
areas of the site as identified in Sections 5 through 7 of this
document,

Potential remedial technologies will be screened using the
following process. First, a brief description of the technol-
ogy is presented with a discussion of its potential application
to aite problem areas. Then, a discussion of the technical
reliability (technology development, performance, and safety)
and implementability in relation to site, waste, and technology
characteristics is presented, The technologies are also
screened for their suitability to the aite according to envi-
ronmental, public health, and institutional considerations. A
recommendation is then made to retain or eliminate the technol-
ogy for further consideration based on the criteria described,

8.3.2 TECHNOLOGY SCREENING

8.3,2.1 Ho Action Options

1, Ho Action

Description: — Under the strict no action option no future
remedial measures would be implemented at the Ambler Asbestos
Piles site. This would allow for the continuation of observed
access to the site area by tresspassers due to inadequate
current security systems (fencing, signing, etc). Continued
relatively unrestricted access would lead to increased
potential for disturbance of exposed areas leading to
entrainment of asbestos fiber and exposure through inhalation

•J-*' 1202E

AFI30G752
H the page filmed in thia {tame la not aa teadable ot legible aa thi*
label, At Aa due to aubatandatd cotot ot condition o{ the otlglnal page.



Section No. 8
Revision No. 2
Date: August 1988
Page: 10

of ambient air or direct contact/incidental ingestion. The (**)
potential for exposure would increase in the future as the
cover material on the piles continued to erode and fail without
maintenance. The lagoon would remain as an "attractive
nuisance" with danger via drowning .and/or incidental ingestion
of surface water/sediments (or inhalation exposures if the
lagoons are drained and the sediment is exposed to the ambient
air). In addition, no action would be taken under this
technology to control off-site migration into the Hiaaahickon
Creek of asbestos from exposed areas of the piles and lagoon
sediments runoff.

Repair and maintenance of the existing soil cover, cleanup/ .
closure activities at the lagoon, and protection against |
scouring along the Locust Street Pile by the Hissahickon Creek
would not be performed under this technology (resulting in J
continued and increased potential risks to on-site and off-site
receptors). Under this option no maintenance of the vegatation Q
on and around the piles would be performed. '

Areas of sita: — This technology could be applicable to all
areas of the site.

Technical considerations: — The nature of thia technology
warrants no discussion of technical considerations.

other Considerations: — The no action alternative does not
address the remedial objectives or the existing or future
potential risks to the environment and public posed by the site
in its current configuration. The site is currently easily
accessible by local residents. It was observed prior to and
during the RI field investigation that historical and ongoing
treapassing was/is still prevalent (footprints in mud, golf
balls, childrens toys, and tree/shrubbery removal on the piles).
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/N Existing on-site risks are present in the forms previously
discussed (direct contact/incidental ingestion and inhalation
exposure pathways). The greatest risk is associated with the
disturbance of exposed areas by trespassers and entrainment of
asbestos fibers into the ambient air leading to potential
inhalation of asbestos fibers. Off-site risks are currently
present via asbestos, which was found in the surface water from
the lagoon discharge drainage way, as well as in certain
smaller localized channels/ditches that lead from the piles
toward the creek,

In addition, the potential for increased future migration of
exposed asbestos (from the piles and/or lagoon areas; as
continued erosion/weathering occurs) in the form of asbestos
releases to ambient air and/or the Hissahickon Creek is indi-
cated via the geotechnical investigations performed in the RI
as being imminent due to the current configuration of the piles

-\ and due to the following related conditions:

Uncapped status of the "upper bench" of the
Locust Street Pile.
Uncapped status of the top surface of the Plant
Pile.
Continued localized erosion of the existing soil
cover on the side slopes of both piles due to
steep slopes, combined with natural occurrences
(storm and wind erosion, soil creep, freeze-thaw
effects, etc).
Continued scouring of the toe of the Locust
Street Pile by the Hissahickon Creek
(particularly during flood stage, which has been
estimated to encroach 7-6 feet vertically up the
pile side slope during the 100-year event,
Deterioration of the lagoon outfall structure and
overflow spillway.
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Unfavorable public reaction to this option would be anticipated (^
because past problems with air and surface water quality
off-site have been documented; complaints have been filed
relative to thia site; the lagoon would continue to be an
"attractive nuisance* to locals (particularly children); and
the site esthetics (particularly landscape maintenance) would
remain offensive and get worse with time, The "emergency
action* by EPA and associated work by Nicolet in 1984 were only
interim solutions. The nature of these past soil cover and
drainage improvements to the site are such that continued and
long-term monitoring/repair of localized failures (due to
natural events as previously discussed) is required, as a
minimum, to prevent future increases in exposed asbestos and
migratory potential. Thia option has no associated capital or
operating coats.

Recomniandations: — As a result of the environmental and public
factors, this technology is eliminated from further Q)j
consideration.

Ho Action with Security Upgrade and Monitoring I

I
Description! — Under this variation of the no action option,
the site security system (fencing, signing, etc) would be
upgraded to current standards following the guidelines for
closed solid waste landfills in the NESHAPS and Commonweath of
Pennsylvania regulations. In addition, monitoring of cap
deterioration, surface water, and air quality would be
performed and recorded.

Arms of tha sita; — Thia technology would be applicable to
all areas of the site.
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Technical Considerations! — This technology can be implemented
easily with commonly used construction, sampling, and analysis
techniques.

other considerations: — This action would act to deter tres-
passers from entering the site; however, without some type of
guard-duty enforcement, it seems likely that some entries onto
the site could be expected (since this activity has been
occurring for years and since the lagoon would remain as a
potentially "attractive nuisance*). The risks to on-site
receptors would remain as discussed within the strict no action
option.

Monitoring under this technology includes a visual inspection
of the piles and lagoon area to determine if conditions have
changed that may result in an increase in aabestos migration
from the site and associated public health risk. Such
conditions include continued erosion and localized failure of
the soil cover, resulting in the exposure of larger areas of
the piles and the deterioration of the filter dams and outlet
structure of the lagoons,

If these conditions are observed, ambient air and area surface
water would be monitored to determine if the site is a source
of asbestos contamination of off-site air and surface water
resulting in a public health risk.

It is likely that unfavorable public reaction would result from
this option for similar reasons to those previously discussed
in the strict no action alternative (although some benefit from
the site security measures would likely be seen). This
technology has minimal capital and nominal operating costs.
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pacommendationa! ~ Although this option has little long-term C)
merit (due to the natural degradative influences that will act
on the piles in their current condition), it will be retained
for further consideration as the more feasible no action
alternative (as required by CERCLA/SARA).

8,3.2.2 Surface Hater Management and Erosion Control/
Sedimentation Measures

Description — in general, surface water management includes
diversion of surface water runon, control of surface water
runoff, and minimization of erosion/sediment transport. The '
primary objective for thia site associated with this technology .
(in conjunction with the capping technologies) is to control j
possible asbestos-containing material transport off-site. This
would occur via erosion of the cap. Figure 8-2 shows how these I
technologies would be implemented at the Ambler Asbestos Piles
site. O.

Technical Considerations: — Due to the configuration of the I
piles, it is not feasible to direct all on-site runoff to i
sedimentation basins. Therefore, containment technologies such
as capping are required to reduce/prevent transport of asbestos
from the piles via runoff.

i

During cover installation, temporary sediment and erosion
controls via surface runoff management facilities installation
would be needed to collect runoff from areas that are being
covered and allow for sediment settling prior to discharge into
Hissahickon Creek, This runoff would be directed into channels
and ditches and then to the filter bed lagoon which could
temporarily act as a sedimentation basin until vegetation was
established on newly covered areas. In areas were the existing
grade does not allow for diversion of runoff to the lagoona,
silt fencing and geotextile/atone check dams would be installed ^j
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in drainage swales to collect sediment prior to runoff reaching
the drainage way or Hissahickon Creek. Following the
establishment of a vegetative cover on all exposed area of the
piles, the lagoon could be bypassed and the permanent drainage
channels diverted to the drainageway or creek.

In order to direct surface runoff to the drainage channels
located on the existing benches/roads of the Locust Street
Pile, the final grades of the cover system on the large plateau
area must allow for positive drainage into these channels.
Positive drainage must also be established by properly
regrading the cover system on the smaller plateau on the Locust
Street Pile and grading a new cover system on the large plateau
on the Plant Pile. Runoff from these area muat be directed to
drainage flumes/culverts that will direct runoff from the
plateaus to the toe of the piles. These flumes/culverts will
minimize the runoff flowing down the side slopes and thus
further minimize erosion of the side slope cover materials.

Erosion of side slope materials can be controlled by
stabilization of eroded areas (with geosynthetic products),
localized placement of new erosion-resistant soils and
establishment of vegetation. These measures reduce the
velocity of the runoff, and thus the erosion of the cover
soil. The velocity of the runoff could theoretically also be
controlled by reducing the steepness of the side slopes.
However, numerous problems can be anticipated if the waste
piles are regraded to flatten the slopes due to the limited
space at the site and other technical considerations.

If the elevation of the piles were held essentially constant
and regraded by moving out the pile toes, the piles would
extend outside of the site in many areas. In order to
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establish 3:1 or flatter slopes on all of. the piles side ()
slopes, potential encroachment to near the commutor rail line,
onto the residential areas north and west of the Locust Street
Pile, into the flood plain, and into a portion of the
Hissahickon Creek, would result. These actions would involve
costly operations and would not likely be acceptable to the
public.

If the piles were regraded to achieve flatter slopes by holding
the toes at their current location and building up to the top
of the piles, the side slopes would intersect into themselves
in many cases, and is therefore not technically feasible.
Also, the excess waste materials removed would have to be
disposed, In addition, this method would result in removing
the cinder and alag berma that currently laterally contain the
soft calcium/magnesium carbonate material. Reduction in the j
thickness or removal of these berms may cauae a collapse of the
piles and a release of calcium/magnesium carbonate and asbestos Q
materials, which could flow into off-site residential areas or
into Hisaahickon Creek,

Erosion control measures along the western side slope of the
Locuat Street Pile to prevent scouring of the pile by flood
water of Hissahickon Creek could include a retaining wall,
gabions, or rip rap blanket. A retaining wall would be
difficult to construct and would require sufficient drainage of
the backfill material to reduce hydrostatic pressures on the
wall, Gabions provide similiar protection, may be easier to
install at a lower coat, and allow for drainage through the
structure of backfill material. Gabions also provide
additional toe support to the slope along the creek, thereby
improving the stability of the slope. Rip rap blankets are
leaa costly and provide comparable acouring protection aa long
as the soils underlying the rip rap are not undermined. A
geotextile of adequate flow capacity could be placed under the |>
rip rap to prevent undermining.
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|) Certain performance levels or design guidance for surface water
management and erosion control may be found in state, county,
or local regulations. The capital costs for this technology
are relatively low (the scouring protection system along the
creek may be more costly than the runoff and erosion
controls), Costs are dependent on the types and quantities of
construction materials, This technology does require minor
long-term maintenance for satisfactory performance.

Recommendations — The surface water management and erosion
control (with the exception of the slope flattening option)
technologies will be retained for further consideration. The
flattening of slopes to 3 :lv is not believed realistically

> feasible for the reasons cited, and because the steep existing
slide slopes have already established substantial vegetation.

I
8,3,2,3 Capping Techniques

Description — Capping techniques are generally designed to
, minimize infiltration of precipitation through contaminated

soils, and thereby reduce generation of leachate and/or
contaminant transport to groundwater, They also prevent

' erosion and direct contact with contaminated materials, and
therefore, control contaminant migration via air and surface

| water/sediment pathways.

For application at the Ambler Asbestos Pile site, emphasis will
be placed on the cover system characteristics that minimize
erosion and direct contact with the waste materials.
Infiltration is not a primary concern based on documentation
available stating that asbestos fibers do not exhibit migration
potential through underlying porous media soils into the
groundwater (U.S. EPA, Dalton, D., 1985), Therefore,
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infiltration and leachate control are not of primary concern at
the Ambler Asbestos Pile site and acheivement of a low
permeability cover system is not a major consideration, Cap
system design criteria for the Ambler site are intended to
provide for an adequate long-term barrier between the asbestos
material and the ambient air, prevent off-site migration as
pile material via runoff, and to maintain some moisture in the
asbestos materials to control airborne releases of the asbestos
fibers if the cover system is disturbed.

The results of the geotechnical analysis of the existing cover
indicate that continued localised failure of the existing cover
on the aide slopes can be anticipated as a result of the steep
side slopes. Extensive regrading of the piles to reduce the
sleepness of the side slopes is not technically feasible, as
previously discussed. Most areas of the side slopes,
especially on the Locust Street Pile, appear to be adequately
stabilized as a result of the establishment of an interlocking
root system of the crown vetch grasses that cover the aide
slopes. The existing cover exceeds the minimum requirements
under NESHAPS and appears to provide an adequate barrier to
minimize direct contact (inhalation/ingestion) with the
underlying waste materials. Therefore, it is desirable to
focus capping technologies on currently uncovered or exposed
areaa of the piles (both side slopes and plateau areas). Hhere
the existing cover has shown no evidence of failure, it appears
no further action is necessary. Continued monitoring and
repair of small areaa of the side slope cover will be
required. Asbestos stabilizing technologies for the areas of
the existing cover that show evidence of failure or excess
erosion art presented in this section following a discuaaion of
the capping technologiea.
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Capping can be accomplished with a wide variety of materials,
Capping materials typically considered for application to RCRA
wastes are screened in this subsection, in addition to a
stabilizing cover system based on the desirable characteristics
for closure of asbestos disposal sites.

Although asbestos is not listed as a hazardous waste under
RCRA, asbestos is listed as a hazardous air pollutant under the
Clean Air Act ;CAA), Section 112. Under the Clean Air Act, the
National Emissions Standarda for Hazardous Air Pollutants
(NESHAPS) requires closure of an asbestos site by covering the
asbestos material with at least six inches of compacted clean
fill material (single layer cover with vegetation), or 24
inches of compacted clean fill material (single-layer cover, no
vegetation), or a resinous or petroleum-based dust suppression
agent, The Commonwealth of Pennsylvania has recently passed
final regulations governing requirements for caps/covers on
solid waste landfills (including those thai: will contain
asbestos materials (a 24-inch minimum soil cover is required),•

As discussed in Section 7, the ARARs for capping the asbestos
piles can be cited from an EPA ROD in Illinois and an EPA lead
aite clean-up in New Hampshire, The proposed cap system for
the Illinois site consists of six inches of sand overlawn by 12
inches of clay and 6 inches of topsoil. The cap system
installed at the New Hampshire site included covering the
heavily contaminated portions of the slt& with a geotextile and
then installing a permanent cover of grave' and seeded
topsoil, The thickness of the cover was 30 .inches.
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The various capping materials and techniques are screened in /••*
more detail in the following paragraphs, according to the "'
following classes:

Stabilizing cover system
Synthetic membranes
Low permeability soils
Soil admixtures (surface sealing)
Asphalt or concrete (surface sealing)
Multilayer cover system.

Areas of site — Capping techniques are directly applicable to
the waste piles or to the lagoon sediments (allowing removal of
the surface water.

Technical Considerations -- Generally, this technology can be
implemented with proven construction techniques, dependent on
the materials used and the site characteriatics. Regrading of
the area to be capped or variable cap thicknesses are required
to promote positive post-closure drainage patterns, ._

Installation of a cover system on the plateau area of the piles
would require some form of stabilization of the exposed waste I
materials due to the low strength of this to support heavy
equipment, A woven geotextile used for road subgrnde I
stabilization was used during the RI field program to construct
the access roads, and is highly recommended for potential
future applications. Implementation of capping technologies
would also require clearing of vegetation currently preaent on
the waste piles. Large trees and tall graases would likely
better be cut off at the ground aurface and coated with a
growth-inhibiting material (nonleaching resin); instead of
pulled/dug out in order to prevent entrainment of asbestos into
the air.
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Other Considerations — Capping will facilitate a measure of
human health and environmental protection by minimizing or
mitigating contamination migration, Cap designs must address
the performance standards for landfill closure related to their
use and function, and also the characteristics of the area to
be capped. There are no apparent institutional obstacles to
capping. The costs for capping widely differ, depending on
materials (type and availability) and design parameters (to
reflect site-specific characteristics), O&M costs involve
long-term inspection and maintenance of the cap system to
ensure integrity. Capping is typically used in conjunction
with other technologies of grading, revegetation, and drainage
control.

Recommendations — This technology will be retained for further
consideration, Specific material and technique recommendations
are discussed jr. the paragraphs that follow, This technology
would likely be used in conjunction with other remedial tech-
nologies that reduce/eliminate contaminant source or migration
pathways,

1, Synthetic Membranes

Description — use of synthetic membranes as capping materials
includes those made of polyvinyl chloride, chlorinated poly-
ethylene, high, medium, or low density polyethylene (HOPE,
MDPE, LDPE), or rubber.

Technical Considerations — Major factors associated with the
successful use of synthetic membranes are selection of the
proper membrane material for the desired application, proper
seaming and placement to prevent tearing, and protection
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against weathering or root penetration. The synthetic mem- x*»x
branes have highly desirable characteristics for some
installations, such as extremely low permeabilities, and are
readily available, The major limitations of synthetic
membranes are their potential for failure due to puncturing,
tearing, or weathering, which might affect their long-term
integrity, Except for geomembranes composed of rubber, most of
the synthetic materials possess high moduli of elasticity and,
therefore, will more readily fail if subjected to a localized
stress such as a tree stump or a protruding pipe lying
underneath the membrane. Most of the exposed areas of the
piles contain trees and protruding objects. Localized*puncture
failure of the membrane will reduce the integrity of the cap
system in terms of permeability (not the major concern at this
site), and tear resisting strength.

Synthetic membranes are usually covered with a soil cover for
protection against untraviolet degradation and physical /•*•»
damage. Moat of the currently available geomembranes possess
low adhesion properties with soils. Therefore, the placement
of a cover layer over the geomembrane on, the side slopes of the
piles is very questionable.

other Considerations — Synthetic membranes are used in some
applications because theae materials may offer substantial coat '
benefits over other materials, i.e., low permeability soils and
admixtures, This is particularly true where adequate local
supplies of suitable low permeability soils are unavailable,
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fa However, the permeability characteristics of the cover material
are not a major design criteria at the Ambler site. Due to the
potential puncture damage to the geomembrane from underlying
protruding objects in the piles, additional materials would be
needed to properly construct a synthetic membrane cap
offsetting its economical advantages. A soil bedding layer
and/or geotextile cushioning layer would be needed in many
areas of the piles for this cap system.

Recommendations — Because of technical considerations, this
technology will be eliminated from further consideration.

2. Low Permeability Soils

Description — The term "low permeability soils" referp to
clays and other fine-grained soils that, when compacted, con-
sistently maintain an in situ permeability of 10 cm/sec

'") (RCRA definition of low permeability), Low permeability soils
must be of adequate strength to maintain the cap system's
integrity and performance in terms of stability and
permeability. The technology is implemented by preparing the
site to achieve proper grades and then placing the compacted
low permeability soil cover over the graded surface. The cap
can then be covered by a clean soil layer, followed by topsoil
and revegetation,

Technical Considerations — A Key advantage to using compacted
low permeability soils is that they are a natural material
(materials are adapted and/or have long-term existence in the
local environment) and may be considered more durable in the
long-term. In addition, no joint seaming is required. Clay
and low permeability soils of adequate clay content are to some
extent "self-healing" and can be repaired via placement of
additional clay/soil if damage occurs,
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Problems may be encountered with constructing the cover due to (^
the difficulty of access to the piles (steep slopes) and
limited ability to support equipment. However, portions of a
soil cover may be able to be placed with remote equipment.
Regrading potential is limited at this aite, as previously
described in this document,

Other Conaiderations « A compacted cap of this material is
commonly used as a final cover system to reduce leachate
generation by tiinimizing infiltration. However, it has been
determined that contact to materials and erosion, and not
infiltration, are of main concern. In addition, some low
permeability soils have low cohesive or high shrink/swell
properties, allowing for potential cracking and release of
asbestos.

Recommendations — This technology will be eliminated for
further consideration. Q)

3. Soil Admixtures

Dascrtption — A low permeability soil admixture can be placed .
as the cap layer in a multilayer cover system, or a single .
layer cap system similar to a clay cap. Soil and bentonite
admixtures are most commonly used and incorporate a combination
of natural and processed bentonite,

These admixtures can replace a natural low permeability soil
(i.e., clay) layer when appropriate native soil deposits are
not available or cannot be used cost effectively. Soil/fly
ash/lime or soil/fly ash/lime/kiln dust admixtures may be used
as alternatives to soil and bentonite admixtures. The process
typically involves a geotechnical assessment•of available soils
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fa and determination of the optimal mixture. The bentonite is
placed and "admixed" with the soils, and the mixture is uni-
formly spread and compacted, The bentonite, after proper

' hydration, expands to fill the void spaces within the soil
layer,

i
Technical Considerations — soil and bentonite admixtures are
gaining acceptance in field construction applications. Because
clay is not always readily available locally, there are several
processed bentonites being marketed; some contain additives to
reduce the potential for chemical attack by contaminated
materials. Soil admixtures require special installation
procedures because of the mixing of materials required before

! installation of the cap.

i Problems may be encountered with placing the cover due to the
limited access of the piles, as previously discussed, and the

Q inability to support equipment required for the special
installation procedures and maintaining a completely effective

, soil admixture cover, These materials can alao crack and
dessicate as with natural clay,

I pther Considerations — F/ecause of the special installation
procedures, soil admixtures may be costlier than alternative
materials. As discussed with low permeability soils, direct
contact and erosion, not infiltration, are of main concern.
Therefore, soil/bentonite mixtures may not be a proper
application for the site.

pacornnendatiotn — This technology will not be retained for
further consideration on the basis of technical considerations,
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4. Asphalt or Concrete

p ascription — Asphalt or concrete can be used on a surface as
an effective means to control surface infiltration and soil
erosion. This technology employs conventional construction
techniques .

Technical Considerations — Though an effective concrete cap
can be engineered, difficulties associated with the placement
and maintenance of a concrete cap can reduce its efficiency.

As previously discussed, the main concern from a design point
of view on thia site is not infiltration, rather contact with
materials and erosion/integrity of the cap system.

It is anticipated that major problems would be encountered with
placement of a complete concrete or asphalt cap on the piles.
Heavy construction equipment is required that cannot be
supported by the piles due to low shear strength of the pile
material. Accessibility to and proper coverage of the steep
slopes of the piles would also be extremely difficult. It is
anticipated that the asphalt/concrete cap materials could not
be placed with remote equipment,

Long-term effects of weathering, subgrade movements, expansion
cracking, and possible freeze/thaw damage could combine to
reduce the effectiveness and damage the integrity of the
asphalt or concrete cap, Concrete is a proven construction
material; however, in this application, any types of cracks or
injury to the concrete could result in failure of the material
as an effective cap and a potential releaae of asbestos. It is
anticipated that there would be long-term maintenance required
for a concrete cap.

, 8-28
1202E

ARS00770

libfl" H8/̂!,!*!/!! PiA i**"!* l* no* ** *eadabl.e..ot. legible aa thiatabel, At Aa due to aubatandatd colot ot condition o{ the otlglnal pagVj '



Section No, 8
Revision No. 2
Date: August 1988
Page: 29

Recommendations — Because of the relatively high cost and
questionable long-term integrity of a concrete or asphalt cap,
this technology will not be further considered. The asphalt
and concrete cap technologies will be eliminated from further
consideration based on technical considerations.

5. Multilayer Cover System,

Description — The multilayer cap system represents a cover
technology that is gaining widespread use as an infiltration
control strategy for waste containment or in-place closure. A
typical multilayer cap system consists of the following three
layers:

• upper soil layer - A topsoil and native soil layer,
typically placed to a thickness of about 12 to 24
inches, This layer serves to support vegetation,
provide a cover for the drain layer, divert surface
runoff, and offer partial freeze/thaw protection to
the underlying cap layer.

• Middle drain layer - A graded layer of porous flow
zone material (i.e., sand or gravel), or a geogrid
that acts as a drainage medium. A sand or gravel
layer is typically placed to a thickness of about 18
inches,

• Cap layer - A compacted layer of fine-grained soils of
low permeability designed to divert infiltration that
has percolated through the upper soil layer. This cap
layer is typically placed to a thickness of about 18
to 24 inches.

Technical Considerations « There are several advantages of the
multilayer cover system compared to standard native soil cover,
including:

• A drain layer that diverts additional percolating
water so that it does not eventually contact the
underlying contaminated soils.

• Minimized slumping of the topsoil and upper soil
layers in steeper slope areas.
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Multilayer cover systems can typically divert greater than 90
percent of the precipitation falling on a site. However, as
previously discussed, this is not the major design criteria o£
concern.

Problems may be encountered with placing a "complete" effective
multilayer cover because of the limited access to tha piles and
inability to support the equipment required to install the cap,
aa discussed with the synthetic membrane cap. Also, the
effectiveness of the multilayered cap to reduce infiltration/
percolation may result in drying of the asbestos material which
could result in a greater immediate potential of,' a release of
aabestos fibers if the cap was disturbed,

other Considerations ~ The multilayer cap system performs the
basic functions of minimizing infiltration into the waste site,
directing percolation away from the aite, (however, this is not
the major design criteria, and somewhat undesirable for the
Ambler site) and providing a final cover for the sitt.
(including growth media for vegetation), therefore limiting
direct contact pathways for humans and wildlife.

Recommendations — Due to the technical considerations, the
multilayer cover system will be eliminated from further
consideration,

6. Stabilizing Cover System

A stabilizing cover system is designed to meet the specific
objectives of covering asbestos-contaminated materials and is
based on an extension of the NESHAPS cover designs and EPA-
approved cap designs proposed and constructed at other asbestos
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fa waste sites. A stabilizing cover system applicable to the
Ambler site would consist of the following layers and is
presented in Figure 8-3:

• Vegetated Top Soil Layer - A six-inch topsoil layer to
support vegetation that will minimize erosion of cover
materials. On side slopes, this layer should be
stabilized with erosion-control netting to minimize
erosion until a vegetative cover is established.

• Middle Soil Layer - Soil layer having characteristics
of low erosion potential and low frost action
potential (can contain percentages of materials such
as gravel and clay to achieve these characteristics),
placed to a thickness of about 30 inches or greater.
This layer acts as the main cover to prevent contact
with the asbestos materials and prevent release of
asbestos fibers into the air. This soil layer allows
for some infiltration into the underlying waste
materials to allow retention of some moisture in the

, asbestos materials and reduce the potential of a
• release of asbestos if a localized failure of the

cover system occured or was diaturbed.
'^} • Geotextile Layer - Nonwoven needle-punched geotex-

tile material placed directly on the asbestos materi-
als or rough grade soil materials. This layer

: provides additional tensile strength to the subgrade
' to allow access of construction equipment and support

of the overlying cap materials; and acts as a
separator (barrier from the asbestos material),
preventing migration of asbestos-contaminated
materials upward through the cap layers due to frost
action. The geotextile also discourages intrusion
into the waste material by trespassers and burrowing
animals, Unlike geomembranes, geotextiles can be
installed to achieve a lower effective moduli of
elasticity (via overlapping nonconnected seams),
allowing them to "move away" from localized stresses
that may otherwise damage the material. This is
important in placing the covar materials over stumps
and protruding asbestos shingles and piping,

Technical Considerations—There are several advantages of the
stabilizing cover system compared to other capping technol-
ogies, including:

• Utilizes an optimal mixture of soils to minimize
>̂ erosion,
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Oe A geotextile layer that provides support (tensile
strength) for construction equipment and overlying cap
materials.

• Allows for some infiltration to keep the asbestos
materials moist.

• Can be designed to allow adjustments to point stresses
without failure,

A long-term effective closure would be expected because the
cover system is constructed mainly of natural materials.

As discussed previously under the other capping technologies,
problems may be encountered with placement of the cover
materials. However, many of the materials can be applied
remotely or with light equipment since low permeability is not
a concern. Also, placement of the geotextile material will
provide additional strength to the piles, potentially allowing

' for easier access.

~s other Considerations — The stabilizing cover system performs
the basic function of preventing contact with the asbestos
materials and minimizing erosion while providing some
infiltration/percolation to keep the materials wet; therefore
limiting direct contact pathways for humans and wildlife.

i
Recommendations — Due to the advantages offered by the
stabilizing cover system, this technology will be retained for
further consideration.

Summary of Capping Recommendations

As a result of the acreening of capping technologies, synthetic
membrane covers; low permeability soil; soil admixtures
multilayer cover systems; and asphalt/concrete caps have been
eliminated from further consideration. The stabilizing cover
system has been retained. ,

O
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7. Existing Cover Stabilization Technologies (**)

Description

Stabilization technologies for existing interim-covered areas
(sideslopoes) at this site include geotextiles and geogrids
that provide reinforcement of the existing soils, These would
be installed at localized, failed areas prior to placing new
additional cover and erosion-control netting (wire mesh, jute
netting, natural fiber mesh) on top of the new cover material.
This work would be followed-up by hydroseeding and possibly
mulching.

r
Rip rap can also be used to stabilize eroded areas where the
slopes are steep and runoff is expected to continue to cause
erosion of the soil cover. The stabilization technologies may |
be used on the flatter areas of the piles, but are primarily
used to stabilize existing cover soil and additional cover Q)|
materials on the side slopes of the piles. Field observation
of eroded/failed areas of the cover on the side slopes and I
results of the slope stability analysis indicating continued '
localized failure of the cover have demonstrated that stabiliz-
ation techniques are needed. '

Tachnicai Considerations — Geotextiles and geogrids can -
effectively stabilize existing cover material or exposed areas
prior to placing additional cover, The geotextile or geogrid
(size of grid openings depends on size of material to be
retained, i.e., smaller grid size for soils; larger for exposed
shingles and piping) muat be anchored into the side slopes by
driving i.ong pins through the geotextile or geogrid into the
pile material to a depth that provides sufficient pull out
resistance. Sufficiently sized washers are needed for the
geotextile to prevent tear-through of pins. The use of a
geotextile will provide the initial barrier, ^j
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fa Following the placement of additional soil cover or a new cover
system on the side slopes of the piles, erosion-control netting
can effectively minimize erosion of the topsoil layer prior to
the establishment of vegetation, The erosion control netting
reduces the erosional effects due to rain droplets and storm-
water runoff by dissapating the impact energy and reducing flow
velocities. Erosion-control netting was used on the side
slopes of the Locust Street Pile for the "Removal Action." the
cover on the Locust Street Pile has shown less erosion of the
cover than the Plant Pile, where no erosion-control netting was
used. This technology must be used with runoff control/diver-
sion technologies to reduce runoff on the side slopes, In
areas such as portions of the northern side slope of the Locust

j Street Pile where runoff may continue to cause erosion, rip rap
may be placed on top of the geotextile in place of additional

i cover .

'2) other Considerations — Stabilization of the existing cover
soil and new cover material will minimize erosion and localized
failure of the cover on the side slopes of the piles and thus
minimize the potential for re-exposure of waste materials and
direct contract by potential receptors. Stabilization
techniques would also reduce long-term maintenance costs
associated with cap maintenance.

Recommendations — This technology will be retained for further
consideration,

8,3,2,4 Complete or Partial Removal

1, Eieavat ion/Dredging

-- Removal technologies involve conventional and
site-specific excavation procedures to remove contaminated

• > materials from site areas, The removal of surface water and
sediments can also involve dredging or suction pumping
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techniques. At the Ambler Asbestos Piles site, the maximum
volume of material, requiring excavation is dependent on the
remedial action chosen. Partial removal could be targeted for
the asbestos-contaminated materials in the piles (although
constructability problems are a geniune concern). The lagoon
sediments could likely be removed by conventional means. This
technology is considered as a remedial activity only in
conjunction with off-site disposal and/or treatment
technologies.

of site — This technology can be applied to all problem
areas of the site including the waste piles and lagoon surface
water and sediments, .

Technical Considerations — Typically, excavation can be
accomplished with commonly used construction equipment and (
techniques. However, due to the low strength of the pile
materials (calcium/magnesium carbonate and asbestos process Q)\
waste) and the inability to support heavy equipment, contin-
gency measures, including the use of special or remote equip-
ment (such as large cranes with clamshell buckets) and staged
construction methods, would be required for excavation of the
waste piles. Contingency measures would also be required to
prevent the collapse of the piles since presently the cinder
and slag berms contain the soft, nearly saturated calcium/
magnesium carbonate material, which possesses almost no shear
strength without lateral confinement. Also, pumping or
vacuuming techniques may be required for this material due to
its saturated consistency,

The removal of sediments from the lagoons may require dredging
or vacuuming techniques, Use of these procedures may result in
contaminated water (following dewatering) as. a byproduct, which
could be treated in the same manner aa the lagoon surface water
will be treated. ^
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<P) Excavation may include the removal of large pieces of debris
that are buried within the waste piles that would need to be
separated from the bulk waste materials for disposal or
treatment. Removal of the debris could be accomplished with
conventional construction equipment and techniques. Contin-
gency measures (such as for health and safety) would be
required for the handling of contaminated debris, where
necessary. Decontamination of some debris may be necessary
prior to disposal, Decontamination fluids may be generated as
a byproduct, which would require treatment or disposal,

1 other Considerations — A major advantage of this technology is
that the source of asbestos contamination (to action levels)

i would be removed (at least from this site). Removal of the
contaminant source would benefit the local environment in the

j long-term and minimize potential threats to public health
emanating from the wastes that currently exist on the site.

'"") Dewatering of lagoon sediments and solidification/stabilization
1 of the calcium/magnesium carbonate layer of the piles may be
. needed prior to disposal off-site,

There are some restraints on complete removal. Because of the
1 large area under consideration, excavation activities would

require careful grading and may result in surface runoff that
j requires monitoring, collection, and sediment control meas-

ures. Also, surface runoff must meet the state water quality
standards. There are potential problems of collapse of the
piles, which would result in releases of the contaminated
materials to off-site a rets including nearby houses, the plant
area, and Hissahickon Creek. Construction of access roads on
and throughout the waste piles would be required. More
critically, removal activities would result in release of
asbestos into ambient air, which would be a potential threat to
workers and nearby public, and would require compliance with
the National Ambient Air Quality Standards (NAAQS) of the Clean
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Air Act. Some sediments and/or materials from the piles may
require dewatering and/or stabilization prior to off-site
disposal. Also, it is likely that asbestos and other materials
would be trucked off-site into Ambler and surrounding areas,
even with specified decontamination procedures. The length of
construction would be years or decades.

The cost of this technology is relatively high. Removal
volumes, health and safety requirements, the physical state of
the contaminated material, and the need to backfill after
removal will all add to the total cost.

Recommendations — Complete removal will be retained for
further consideration to be used with off-site disposal or
on-site treatment technologies (as required by CERCLA/SARA) ,

Because of technical considerations, partial removal (of just
the asbestos materials) will be eliminated from further
considerations,

I8.3,2,5 In Situ Treatment

Thermal Treatment! In Situ Vitrification |

Description — in situ treatment technologies offer an f
alternative to excavation, removal, treatment, and disposal of
contaminated materials, These technologies are applied in
place at the source and rely on thermal and other processes to
degrade, remove, or immobilize contaminants, The in situ
thermal treatment technology potentially applicable to the
Ambler Asbestos site is in situ vitrification, This technology
utilizes radiofrequency electrodes that are placed in the
ground surface. Inorganics contaminants and1other contaminants
(nonorganic) are immobilized as the soil is converted to a
molten mass and turns into a stable glasa and crystalline form
upon cooling, W
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fa Areas of site — This technology can potentially be applied to
the waste piles and the lagoon sediments (following removal of
the lagoon surface water) ,

Technical Considerations — This is a developing technology
that has been tested to treat soils contaminated with radio-
active materials. Large-scale testing has been done (400 to
800 tons of vitrified mass), and has included treatment of
soils contaminated with metals, PCBs, and organics associated
with electroplating wastes. An electrical power source is
required on-site to supply current for the electrodes. Pilot
testing would be required to confirm the technical feasibility
and/or to determine the design and operating parameters of this
technology,

f For application at this site, the power requirements appear to
be very large dua to high moisture content of portions of the

2) piles and the sediments. Also, the technology may not be
efficient because of the heterogeneity of the materials in the
waste piles (materials ranging from low to high asbestos
content adjacent to saturated calcium/magnesium carbonate
materials). Also, it may not be feasible to implement the
technology because installation of the electrodes may be
difficult or impractical due to the height of the piles, steep
side slopes, and low strength of piles, which prohibits the use
of heavy equipment.

other Considerations — The leachability of the contaminants
that remain immobilized in the vitrified mass is expected to be
negligible, Also, in consideration of local environmental
impacts, off-gases generated during the process would be
difficult to capture and treat prior to releaae into ambient
air. Operating costs associated with this technology would be
expected to be high because of the high power requirements.
Capital costs can also be high becauae the electrodes are left

^ in the ground and become part of the glassified mass,
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Recommendations — Based on its potential to treat/immobilize
the waste materials on-site, in situ vitrification will be
eliminated for further consideration due to technical
considerations.

8.3,2.6 On-Site Treatment

paseriptton — On-site treatment technologies refer to proc-
esses that can treat the contaminated soils and ground/surface
water on-site, normally with mobile treatment units, and can
include thermal and physical/chemical processes, These
technologies that are implemented at the site often involve
excavation or removal of the materials to be treated, and rely
on the use of chemical agents and/or physical or thermal proc-
esses to degrade, remove, destroy, or immobilize contaminants,
More detailed discussions of these technologies follow.

8,3.2 7 On-Sita Treatment Technologies

Areas of site — This technology can potentially be applied bo
all of the problem areas of the site, including the waste piles
and lagoon sediments and surface water sediment dredging water
that may be a byproduct of other technologies, Areas associated
with specific technologies are discussed in the paragraphs that
follow.

Technical considerations — Discussions on technical consider-
ations follow for individual technologies. Some on-site treat-
ment technologies are not as developed for treatment of
asbestos-contaminated materials aa are other currently
available technologies for site remediation. Laboratory
bench-scale and/or pilot-scale testing would likely be required
to confirm the feasibility, conform performance, and/or to
determine the operating and design parameters for certain
on-aite treatment techniques implemented at the Ambler Asbestos
Piles site.
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fa other considerations — under SARA, RCRA TSD facility permits
are not required; however, the treatment schemes must include
ARARs considerations that would addiess regulatory require-
ments associated with design and operating issues akin to
permitting. Other considerations are also discussed for
individual on-site treatment techniques, where applicable.

Recommendations — Recommendations are listed below for indi-
vidual on-site treatment technologies,

1, Thermal Treatment! Vitrification

Description — This is a developing technology that utilizes
i some of the same principles of in situ vitrification to immobi-

lize the contaminants. However, this technology utilizes
j electrodes within a semicontinuous flow process (processing

plant) to convert the waste materials to a molten mass which is
^) cooled into stable glass in a beaded form.

Areas of site — This technology can potentially be applied to
the waste piles and the lagoon sediments (following removal of
the lagoon surface water).

t
Technical considerations: — This is a developing technology
that has been tested on treatment of bagged quantities of
asbestos insulation materials (with generally high asbestos
content) from asbestos abatement projects. A vendor who has
demonstrated this application of vitrification is Vitrifix of
North Americi, Inc. A substantial electric power source is
required on-t'te to supply current for the electrodes. Pilot
testing woul'/ be required to confirm the technical feasibility
and/or to determine the design and operating parameters of this
technology.
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Problems could be encountered with effective application of
this technology because of the heterogenity of the materials in
the waste piles. It is currently not totally known how
effective vitrification would be on the materials with low
asbestos content or high moisture content,

The power requirements may be extremely large due to the high
moisture content of portions of the piles and the lagoon
sediments. The large pieces of debris that are buried in the
piles would most likely have to be screened out and/or removed
prior to feeding material to the treatment process. The glass
byproduct would require disposal, since no approved reuse
potential is currently known.

other considerations — Contingency measures would be required
and substantial problems would be encountered due to the
excavation/removal activities required prior to treatment, as
described in Subsection 8.3.2.4. The asbestos would be
immobilized or destroyed in the vitrified mass, but limited
potential exists to recycle the glassified byproduct. Any
off-gases generated from the process would have to be monitored
and/or captured; release to ambient air would require agency
approval. Operating costs associated with vitrification would
be high because of the high power requirements.

Recommendations — Based on its potential to treat/immobilize
the waste materials, on-site vitrification will be retained for
further consideration.

2. Physical/Chemical Treatment

Description — On-site physical/chemical treatment tech-
nologies potentially applicable at the Ambler Asbestos Pile
site include macroencapttulation/overpacking precipitation/
flocculation/sedimentation, filtration, and evaporation. These
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fa technologies are individually screened in the paragraphs that
follow.

Precipjtation/Flocculation and Sedimentation

Description: -- Precipitation/f locculation and sedimentation
processes are fully developed techniques, also available as
mobile systems, for treatment of contaminants in an aqueous
phase, typically used for removal of inorganics or for sludge
dewatering. Figure 8-4 illustrates a typical process flow
diagram, Through precipitation/f locculation, small suspended
particles are transformed into larger settlable particles by
the addition of chemicals, typically alum, lime, or polyelec-

, tralytes. As a first step, the flocculating agents are mixed
to disperse the agents. Then the solution is slowly mixed to

j allow the formation of larger particles. The sedimentation
process allows for settlement of suspended particles in an

*"") aqueous solution under the process of gravity. Additional
equipment may be required to enhance sedimentation, such as
clorifiers and centrifuges, For the purposes of this FS, this
additional equipment, if required, is considered part of the
sedimentation technology,

Areas of site: — This technology can potentially be applied to
the lagoon surface water.

Technical Considerations: — Precipitation/f locculation and
sedimentation are proven technologies that are commercially
available. These technologies have been demonstrated for
removal of asbestos from raw drinking water supplies using lime
for flocculation. They are also shown to be effective
treatment alternatives for removal of chrysotile asbestos in
wastewater (U.S. EPA Treatability Manua), 1981) using lime and
alum for flocculation, for ranges of 75 to > 99 percent
removal. However, significant levels of calcium carbonate were

'O
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fa detected in the lagoon that may effect removal efficiencies.
Therefore, laboratory bench-scale or pilot-scale tests would be
required to confirm the feasibility of this technology and to
determine the optional precipitation/flocculation agents and
sedimentation process for the Ambler Asbestos Pile Site.

Other Considerations! — The precipitation/flocculation and
sedimentation process, if utilized, would require removal of
asbestos to the limit specified by the current NPDES permit for
the filter bed lagoon discharge or to the acceptable limit of
the local public water treatment plant, This would allow point
discharge of the treated lagoon water from the site and would
eliminate any potential impacts to the public or environment
(including Hissahickon Creek). The byproduct sludge with
concentrated amounts of asbestos contamination would require
disposal. This material could potentially be disposed of
on-site on the waste piles, and/or to be treated/disposed of in

^ a similar matter as is recommended for the waste piles or the
1 lagoon sediments. These technologies use standard equipment

from the wastewater treatment industry, and therefore the O&M
and capital costs would be relatively low,

j Recommendations! ~ Precipitation/flocculation and sedimenta-
tion technologies will be retained for further consideration to

i be used in conjunction with other technologies as part of an
overall site remediation alternative.

Filtration

Description: — Filtration is a fully developed treatment
technology typically used for removal of suspended solids from
an aqueous stream or dewatering of sludges, Filtration is
commercially available both at treatment facilities and in
mobile units; equipment is available for a wide variety of
applications in a wide variety of materials. Removal of
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suspended solids is typically done by passing the fluid through ^
a bed of granular material by gravity feed or under pressure; '
dewatering of sludges is done by vacuum high pressure or
gravity filtration.

Granular media filters (such as sand and arthracite) remove
suspended solids through staining, physical adsorption, and
flocculation. Examples of typical filtration units are shown
in Figure 8-5 and 8-6. In addition, finer suspended solids can
be removed using microfilters that can be constructed of metal
or other fibrous materials (such as synthetic fibers) that have
the appropriate pore size for filtering out the desired
matarials.

Areas of site: — This technology can potentially be applied to
the lagoon surface water. I

Technical Considerations: — Filtration is a proven technology
that is widely commercially available. This technology is
shown to be an effective treatment alternative for asbestos in
wastewater (U.S. EPA Treatability Manual, 1981). Microfilters
are reportedly utilized in the wastewater treatment process at
the public wastewater treatment plant in the Ambler area.
Rapid clogging of microfiltera can be experienced if the
wastewater stream contains oils or other particles too large in
size for the application However, laboratory bench-scale
and/or pilot-scale tests would be required to confirm the
feasibility of the technology and to determine the optimal
filtration process and filter media that would be effective for
the Ambler Aabestos Piles Site. It is anticipated that a final
filtration step could be used as in conjunction with the
precipitation/ flocculation and sedimentation technologies.
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othnr considerations; — use of filtration would require
removal of asbestos to the levels specified by the current
NPDES permit or to that acceptable to the local public
wastewater treatment plant. This would allow point discharge
of the treated water from the site and would address potential

impact to the public or environment (including Wissahickon
Creek). Backwash or spent filter materials would require
off-site disposal. These materials could potentially be
disposed/treated on-site within the waste piles. Filtration
uses standard industry processing equipment; the O&M and
capital costs are expected to be relatively low.

Recommendations : — Filtration will be retained for further
consideration,

Evaporation

Description: — Evaporation is utilized for treatment of a
liquid solution, slurry, or suspended solids mixture by
applying heat energy to the materials in order to vaporize the
more volatile components of the mixture and concentrate the
solid or semisolid component, The vapor stream can be
condenaed and collected or released to the atmosphere,
Typically, evaporation is used as a preprocessing step to
concentrate or remove filter. Conventional technologies
include the thin-filter, kettle, tubular, scraped surface, and
solar evaporation. The most commonly used process is agitated
thin-filter evaporation, best suited for higher solids content
wastes.

of sita: — This technology can potentially be applied to
the lagoon surface water,
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Technicffi Considerations,; -- Evaporation is a proven technology /-*».
that is available commercially off-site and as mobile units,
However, documented case studies on the applicability of
evaporation techniques for asbestos - containing waste streams
are very limted, Evaporation is effective for waste streams
that are in a concentrated liquid solution or are slightly
viscous liquids, such as slurries and metal sludges. The
lagoon water does not exhibit these characteristics.
Therefore, it is anticipated that evaporation techniques would
require high amounts of energy. Laboratory bench-scale and/or
pilot-scale tests would be required to confirm the feasibility
of the technology and to determine the optional evaporation
method that would be effective for the lagoon water at the ,
site. Removal efficiencies are unknown, and it is anticipated ;
that this technology would need to be combined with other
treatment method(s), |

otfrar Considerations! — Evaporation is typically used as a /~\\
preprocessing step; therefore, the waste stream will require
further treatement and/or disposal, A vapor component will .
also be generated from the process, It has been noted with I
this technology that finely divided solids may become entrained
in the vapor. Due to the characteristics of asbestos, this '
effect could potentially occur, presenting a risk to worker and
public health by releasing asbestos fibers into the air. Also,
the presence of low percentages of solids (as is the case with
the lagoon surface water) will result in relatively high
treatment coats per gallon in comparison to other equally
effective treatment methods, Equipment is readily available
because evaporation processes are widely used in industrial and
hazardous waste application; however the unita are primarily
fixed or stationary, which will reflect on the capital costs.
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Recommendations: — Due to technical and environmental/public
health concerns, this technology will be eliminated from
further consideration.

3. Solidification/Stabilization

Description — Solidification or stabilization, also referred
to as immobilization, is a process that physically and/or
chemically combines the soil materials with binding materials
to decrease the mobility of the constituents, Various binding
materials are available, including cement and pozzolanic
materials (e.g., fly ash), which are widely used. Other
binding agents include organic polymers or combinations of
cement/pozzolan and polymers.

Stabilization of the magnesium/calcium carbonate with fly ash
is a viable application of this technology. Stabilization of
this material would be needed if the material were removed for
off-site or on-site disposal (to improve handling consistency,
allow classification as a solid, etc.),

Areas of site ~ This technology can potentially be applied to
the magnesium/calcium carbonate waste and asbestos in the piles
and the lagoon sediments,

Technical Considerations — Stabilization of the magnesium/
calcium carbonate waste with fly ash or other pozzolans will
allow for removal of this material by reducing the moisture
content and improving the strength characteristics of this
material. Laboratory bench-scale and/or pilot-scale tests
would be required to confirm the proper mixtures needed to
allow for removal and off-site disposal redepositing on the
piles.
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other considerations — Some solidification/stabilization fa
technologies experience a volume reduction; however, the
addition of fly ash or other pozzolans to the calcium carbonate
may result in an increase in waste volume. Therefore, on-site
space limitations may limit implementation. Because of the
high volume of these wastes in the piles and the limited amount
of space at the Ambler Asbestos Piles sites, on-site disposal
may not be practical for all of the solidified materials. As
an option, the technology may have to be applied on a limited
basis only, and in conjunction with other treatment/disposal
methods.

Recommendations — Solidification/stabilization will be ,
retained for further consideration. :

8.3.2.8 Off-Site Treatment |

There are off-site treatment technologiea available at per- O)
mitted commercial treatment, storage, and disposal (TSD)
facilities that may be applicable to the Ambler Asbestos Piles i
site. However, these technologies, such as solidification/
stabilization, are for the moat part used aa pretreatment steps ,
by TSDs prior to placing materials in a landfill. Therefore,
these technologies are not considered separately and are
assumed to be included, if necessary, with off-site disposal.

Also, some technologies that were discussed as on-site treat-
ment technologies are commercially available as off-site
treatment methods. These technologies include physical/
chemical treatment methods such as precipitation/flocculation/
sedimentation. These technologies are not separately discussed
under this section, and the discussions for on-site treatment
in conjunction with discussions and concerns associated with
removal and off-site disposal are assumed to apply for off-site
treatment. r",
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8.3.2,9 Off-Site Disposal

Description — Off-site disposal involves excavation of the
contaminated materials and transportation of the materials to
an approved disposal site that meets applicable requirements
and regulations.

Areas of Site — This technology can potentially be applied to
the waste piles and the lagoon sediments.

Technical Considerations -- This technology is usually feasible
because the aspects of off-site disposal are based on standard
engineering practices. However, constructability (excavation)
aspects of this site are somewhat unique, aa previously
discussed. RCRA requires a hazardous waste landfill to have a
lined base and sides, a leachate and runoff collection system,
and a final cover to reduce infiltration. In many situations,
however, and with proper permitting/approvals, asbestos
materials can be disposed of in certain municipal landfills
since asbestos is not a RCRA-designated waste.

other considerations — Commercial disposal facilities must
meet stringent analytical, state permitting, and compliance
standards. A permit must be obtained if the materials are to
be disposed of at a municipal landfill. Using off-site
facilities requires meeting U.S. DOT requirements for
hazardouswaste/asbestos transport. Commercial RCRA and
municipal landfill capacity is limited; therefore, the type and
quantities of waste must be approved by the facility before
disposal. This may be a potential problem because of the high
volumes of materials present at the site. The off-site
facilities may be reluctant to accept such large quantities of
waste. In addition, sediments and portions of the waste piles
will likely require dewatering and/or solidification/stabiliza-
tion prior to landfilling.
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As discussed with the removal technology, there is risk to the s*.
environment from release of asbestos fibers during removal and
off-site transport, Proper stabilization and/dust control
measures must be implemented. However, the greatest potential
of a release of asbestos from the piles results from the
disturbance of asbestos-containing materials. This technology
does not provide any waste reduction, but transfer o£ waste
materials to a more secure facility.

Recommendations — Off-site disposal will be retained for
further consideration.

8.3,2.10 Qn-Site ptapoaal

Description — On-site disposal of contaminated materials at
the Ambler Asbestos Piles site would include the construction ;
of a more secure landfill on-site and incorporating a liner and
cap system. The landfill would likely not require compliance ^s>
with RCRA standards for either liner or cover systems, The '
contaminated materials would be partially or completely
excavated and placed in the on-site landfill, :

Araas of site — This technology can potentially be applied to
both the pile waste material and the lagoon sediments,

Tachnieal Considerations — This technology is theoretically
possible; however, the existing piles are already close to site
capacity, Since material currently below grade would need to
be removed and building materials would need to be added, there
is limited space to place the material without expansion to
off-site areas. The slopes of the landfill would likely still
be 33 percent, and therefore not meet RCRA or PADER require-
ments. Space limitations make it questionable if the material
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fa can be staged in another area of the site while the new
landfill would be constructed. The soft magnesium/calcium
carbonate must also be stabilized prior to removal and
redisposal, and extreme constructability problems would be
anticipated in excavating these materials,

In addition to the applicable design standards, post-closure
care, maintenance, and potential leachate management would be
required.

othar Considerations — The cost of this technology would be
very high and would include design, construction, and operation
of the landfill. To landfill all of the materials on-site
would essentially require a landfill of greater height and near
equal steepness of slope compared to the existing piles. The
constructability of such a landfill is highly questionable.
According to SARA, on-site remedial technologies do not require

^ permits. This may make the time frame shorter than what is to
be expected from a permitting process; however, the landfill
must meet with the approval of state and local agencies, which
may include most or all of the permit requirements. It is
anticipated that this technology will not meet with public
approval, This technology does not require the transportation
of waste material off-site and may provide secure containment
on-site, However, on-site disposal does not treat the
contaminated materials and the risks to local public health
that are related to removal and movement of the piles are much
greater than containment technologies that do not disturb fche
asbestos materials.

Recommendations « Due to technical and public health
considerations, on-site disposal by landfill will not be
retained for further consideration.
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8.4 nRDEB-QF-HAGHITUDE COST SCREENING

Under SARA, technologies cannot be eliminated based on cost
considerations. However, order-of-magnitude costs are
developed to screen from further consideration those
technologies for which costs of implementation are
significantly higher, but which do not produce a greater
benefit in terms of addressing remedial action objectives or in
terms of ease and reliability in implementation. Consideration
will be given for alternative and/or innovative technologies.

Only those technologies that have passed the screening process
detailed in Subsection 8.3 are included. Order-of-magnitude
costs are presented in Table 8-2.

For the purposes of cost-estimating for excavation, landfil-
ling, and/or treatment of wastes, the estimated quantities
presented at the beginning of this section were used,

8.5 SUMMARY OP TECHNOLOGIES

The screening of the remedial technologies is summarized in
Table 8-3. The technologies that have been retained after the
screening process for use in developing remedial action alter- '
natives are Unted as follows:

e No action with security upgrade and monitoring
• Surface water management and erosion and sediment

controls
• Stabilizing cover system and stabilization of existing

cover soils
• Complete or partial removal
• On-site solidification/stabilization
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Table 8-2

Order-of-Magnitude Costs for Remedial Technologies
Applicable to the Ambler Asbestos Piles Site

Approximate Cost--
Retained Technology ($)

1. No Action:
No action with security upgrade and Capital cost;
monitoring 100,000

Annual monitoring
cost: 18,000

2. Surface Management and Erosion/:
Sedimentation Measures2 615,000

3. Capping:
Stabilizing cover system 762,000

4. Complete Removal:
Excavation/dredging and debris
removal 25,145,000

-•Costs do not include laboratory/pilot-scale testing. Costs
of some technologies are highly dependent upon the laboratory/
pilot-scale testing required for the development of the
process and the amount of material to be treated at the
Ambler Aabestos Piles site. All are capital costs except
otherwise noted.

2Includes erosion and sedimentation control measures such as
silt fences, flumes, sedimentation basins, and gabian-type
retaining walls.
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Table 8-2 (continued) _

Approximate Cost
Retained Technology ($)

5, On-Site Treatment:
Thermal: Vitrification 172,220,000
Physical/Chemical : Precipitation/
flocculation/sedimentation 240,000
Physical: Filtration 240,000

Solidification/stabilization 42,600,000
6. Off-Site Disposal 113,355,000

••Coats do not include laboratory/pilot-scale testing. Costs
of some technologies are highly dependent upon the laboratory/
pilot-scale testing required for the development of the
process and the amount of material to be treated at the
Ambler Asbestos Piles site. All are capital costs except
otherwise noted.
Încludes erosion and sedimentation control measures such as
silt fences, flumes, sedimentation basins, and gabian-type
retaining walls.
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• on-site precipitation/flocculation and sedimentation
• On-site filtration
• On-site vitrification
• Off-site disposal.

Complimentary technologies are combined for the development of
remedial alternatives in Section 9.

j

0
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CP-. C

'* Sr" _ft s&S
il' iSUHSi

1̂  toilIliii in•nJ—sB-* S*"ztssc , e 8 9 9l= - * - -" -Jlifi!.?.!!!1.!
!-^**!TEl.lalS — • ̂ — P*2 H

a si ' *aza
S
*d
3

S"5
E "s ?••f eg i 5
£ ™S 3: ..s : ..
*• S"vi f'l

r-
2

I {the page filmed In thia {tome la not aa teadable ..ot legible aa a
label, A,t Aa clue to aubatandatd colot ot condition o{ the otlglnal page.



0:2

e

,J

11!

o1*

3? St i

" t? •' « *.'* •» M ?

&!f| !L f
HlliifS HlMilj ;•«}
ij 111|11W*1lii II <1!J£iiKri i-S£^•«= BiacJ- « a. —z ng cn.M B.*.'. E'tEcna^IqijOx "S-> 5^ o~ S.p o. j; | eagill iiii ijiitilflh sialillilli illtii
W h,. - i. :|l*j|i ii-yiJi »ifj!jij»

** f pi f I!?!t̂!liiiSI. iwaai ̂ i;M
GatiSJB ri'ffi-*! raPj-.SsPIS5l3*j If- friaSl !̂s'5||»aii!|!i| jie.if.iH jiniiikhill III lillll

aa's ' *
SZ&

'o

f= ll
I*-*" jp JP
.9 u -a

/R300807

I{the page <llped In thia {tame la not aa teadable ,ot legible aa thla^i
label, At Aa due to aubatandatd colot ot condition o{ the otlglnal page.



SBOf*
Wi

-"I?to* >
9 *3 • >*

Vh

•i **L s
ppj'l-fl ijjjjjj

I i, sUsis. «: siS-BK"I-Uu iiini? dilhliii;
tifSaof . T
• •=T -« . !; I-;

i!tlilt.li!!i
__ s . *iii

x

^ ^ «i» II: "ss ii a
5 Hiy Se *••* °si al-s a .r-'U i«- M 3 f S** m i ie 5*>ti o e

AR3QU808

/h "°< «* «adable.ot legible aa thia .'label, At Aa due to aubatandatd colot ot condition o{ the otlglnal page.



•o

Section 9.0

AR30C809

I {the-page filmed In thia {tame la not aa teadabl.e_,o<, **«*«*«,> M̂ n-i****
label, It la due to aubatandatd colot ot condition o{ the otlglnal page.

Il



Section No. 9
Revision No, 2
Date: August 1988
Page: 1

•p) 9.0 DEVELOPMENT AND EVALUATION OF
REMEDIAL ACTION ALTERNATIVES

9.1 DEVELOPMENT OF REMEDIAL ACTION ALTERNATIVES

Remedial action alternatives have been formulated hereafter to
address the environmental issues and contaminant pathways
related to the Ambler Asbestos Piles site. These alternatives
have been developed based on the following considerations:

• The remedial alternatives were formulated using the
technologies retained from the screening process
discussed in Section 8. The technologies considered
to be applicable to the remediation of the identified
environmental issues of the Ambler Asbestos Piles site

I are summarized in Table 8-3.
• Techniques that are complementary and/or interrelated

i Here combined into alternatives. For example, in one
alternative — On-Site Closure, installation of an
improved cap on the waste piles is combined with back-

^ fill of the lagoon, on-aite sedimentation and erosion
J controls, protection against scouring along the creek,

and surface water treatment (of lagoon water),
• The alternatives were also developed to address the

remedial action objectives established for the site in
Subsection 7.3. Not all of the alternatives developed
will equally satisfy the objectives or be as effective

• in addressing part or all of the site issues and
contaminant pathways,

• The purpose of the alternative development process IB
to cover a range of effective remedial action alterna-
tives. Therefore, the alternatives were differen-
tiated according to the degree of remediation they
provide, Various remediation categories under source
control actions, as identified by the NCP and modified
according to recent SARA guidelines, specify a range
of remediation levels. These categories are as follows:

No action: No action alternatives may include
minimal actions such as installation of fences/
gates and monitoring activities,
A number of treatment alternatives ranging from
one that would eliminate, or minimize to the

, extent feasible, the need for long-term manage-
•~4 ment (including monitoring) at a site, to one
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that would use treatment aa a primary component
of an alternative to address the principal Q)
threats at the site.
Alternatives that involve containment of waste
with little or no treatment, but provides
protection of human health and the environment by
preventing potential exposure and/or by reducing
the mobility.

• The alternatives were developed to a level adequate to
apply the non-cost and cost evaluation criteria,
discussed in further detail later in this section.

The cost-effective alternative is defined as the lowest cost
alternative that is technologically feasible and reliable,
effectively mitigates or minimizes damage, and provides
adequate protection of public health, welfare, and the
environment (NCP, 1985). SARA guidelines add that the most
cost-effective alternative is one that achieves results that
cannot be achieved by less costly methods. i

As per SARA guidance, the development of a complete range of Q)l
treatment alternatives may not be practical in some situations.
Alternatives within this range typically will differ in the j
extent of treatment used and the management requirements of
treatment residuals or untreated wastes. For example, for
sites such as the Ambler Asbestos Piles site with large volumes
of potentially low concentrated wastes, such an alternative
that eliminates the need for long-term management may not be
reasonable given site conditions, the limitations of tech-
nologies, and extreme costs that may be involved.

With respect to the Ambler Asbestos Piles site, the remedial
action technologies that remain after screening are generally
under the source control classification, since on-site controls
are the most appropriate to this site.
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PS Remedial action alternatives that have been developed for the
Ambler Asbestos Piles site are presented in summarized form in
Table 9-1, For a given alternative, each of the areas of
concern are addressed and the associated NCP category is
identified,

t
' 9.2 EVALUATION CRITERIA

This subsection describes the criteria used for the evaluation
of the developed remedial alternatives. The four remedial
action alternatives formulated in Table 9-1 are evaluated in
Subsections 9.3 through 9.6, based on both non-cost and cost
criteria.

l
The objectives and criteria described herein are consistent

J with the Remedial Action Phase VI (Section 300.68) of the NCP,
as last revised. The procedures in the NCP are specific for

^ hazardous substance response and are consistent with the
requirements of the National Environmental Policy Act (NEPA).

SARA requires that preference be given to remedies that perma-
nently and significantly reduce the mobility, toxicity, or
volume of the hazardous substances themselves. Also, prefer-
ence is to be given to remedies using alternative treatment
technologies, Off-site transport and disposal of hazardous
substances without treatment is designated the least favored
alternative.

The terminology utilized in the following subsections is
consistent the approved Work Plan for the Ambler Asbestos Piles
site, and the evaluations made include direct compliance with
the latest evaluatory criteria as stipulated in the post-SARA
RI/FS guidance document.
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9.2.1 NON-COST CRITERIA fT)

Non-cost criteria are described in detail in the subsections
that follow and include:

• Technical feasibility.
• Institutional requirements,
• Public health and environmental issues.

9,2.1.1 Technical Feasibility

The technical feasibility criteria address critical objectives
in the technical evaluation of potential remedial action
alternatives. These objectives include performance, reliabil-
ity, implementation, and safety. The evaluation of each
remedial action alternative is based on its ability to achieve
the following technical goals:

• Performance - TWO aspects of remedial actions deter-
mine their desirability on the basis of performance: Qi
effectiveness and useful life. Effectiveness refers I
to the degree to which an action will prevent or
minimize substantial danger to public health, welfare, i
or the environment. Useful life is the length of time I
this level of effectiveness can be maintained,

• Reliability - To be reliable, a potential remedial '
action alternative should incorporate proven technol-
ogies that have a demonstrated and dependable record
of use, and should be capable of accomplishing the
desired corrective results over the planned life of
the remedial action. Also, the frequency and complex-
ity of necessary operation and maintenance should be
considered in evaluating the reliability of alterna-
tives.

t Implementation - Another important aspect of remedial
alternatives is their ability to be implemented, the
relative ease of installation, and the time required
to achieve a given level of response. The time
requirements can generally be classified as the time
required to implement a technology and the time
required before results are actually realized.

9-6
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- Each remedial alternative can be evaluated
with regard to safety. This evaluation can include
short-term threats to the safety of nearby communi-
ties, the environment, or to workers during implemen-
tation.

The RI/FS for the Ambler Asbestos Piles site considers a
variety of technical options. Among them are those
technologies outlined in the NCP that have proven track records
and have met the technical goals for performance, reliability,
implementation, and safety for various remedial actions,
Others are innovative technologies that are developing or have
met these technical goals on smaller scales (i.e., bench- or
large pilot-scale), Performance and reliability uncertainties
may remain with most of the emerging technologies due to their
limited track record. All potential remedial action
alternatives identified for evaluation relative to the Ambler

, Asbestos Piles site are technically viable. The performance,
reliability, implementability, and safety aspects of each,

"~") however, can vary with the specific technique implemented and
the site-specific characteristics anticipated to be encountered
while carrying out the remedial actions, treatability studies

• have been suggested for the alternative that involves a
significant degree of uncertainty in effectiveness, perform-

, ance, and reliability.

9,2.1.2 Institutional Requirements

Institutional factors can be critical to the overall ability to
select and implement an effective remedial action program.
These factors are used to evaluate the acceptability of each
technology to local, state, and federal agencies, as well as
the potential for compliance with existing or future regulatory
policies. As a result of such factors, ancillary equipment and
permits may be required prior to remedial action implementation.

9-7
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Alternatives must be evaluated based on the following institu- -.
tional criteria: '

• Short-term impacts during construction, including
erosion, odors, dust, truck traffic, and noise.

• Federal, state, and local government acceptance and
regulatory permits.

• Applicable or relevant and appropriate requirements
(ARARs) such as the Clean Air Act (CAA), Resource
Conservation and Recovery Act (RCRA), Clean Water Act
(CWA), National Pollutant Discharge Elimination System
(NPDES), National Emissions Standards for Hazardous
Air Pollutants (NESHAPS), and Occupational Safety and
Health Administration (OSHA) guidelines.

• Local resident and community perceptions.
• Local zoning or other land-use/construction ordinances.
• Long-term management and operational requirements.
• State and Federal Department of Transportation (DOT)

regulations for the handling, shipping, and mani-
festing of hazardous wastes. Qi

As an example of institutional criteria, all on-aite actions
generally require approved sedimentation and erosion control |
plans (if major earthwork is to be performed),

i'

According to SARA, permits for on-site treatment may not be
required; however, all applicable state and federal require-
ments must be met and all plans must be approved by the regula-
tory agencies,

Also, a management arrangement should be identified to cover
the long-term operation, maintenance, and/or monitoring
requirements for each alternative.

9-8
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P) 9,2,1,3 public Health and Environmental Issues

The remedial action selected must adequately protect public
health, welfare, and the environment. The remedial alterna-
tives are evaluated for their effectiveness in mitigating the

, existing or potential contaminant exposure to the public,
Documentation that the action adequately controls both the
long-term effects of the residual contamination and short-term
effects caused by implementation of the remedial action, and
protects the public, both during and after the remedial action,
is required. Applicable health and environmental health stan-
dards are used to evaluate each alternative,

l The overall goal of the selected remedial action program is to
mitigate the existing environmental threats without creating

j additional adverse effects. The environmental effectiveness of
each potential remedial action alternative in evaluated accord-

~j ing to the requirements outlined in the NCP, The factors to be
incorporated into the environmental effectiveness evaluations
include the following:

I
• The likelihood of on-site source control or off-site

remedial actions being effective to mitigate and/or
I minimize the threat to public health and welfare, and
' the local environment.

• The prevention of additional environmental (soil, air,
surface water, and groundwater) contamination.

• The potential for adverse environmental effects
resulting from the alternative or its implementation.

During the evaluation of remedial actions at the site, worker
health and safety must be considered, Any measures that have
the potential for worker contact or release of hazardous
substances must conform to Occupational Safety and Health
Administration (OSHA) requirements.

Ĵ 9-9
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9.2.2 COST CRITERIA —

According to SARA, a remedial cleanup program must be imple-
mented and operated in a cost-effective manner and must miti-
gate the environmental concerns at the site. SARA guidelines
require ensuring that the results of a particular alternative
cannot be achieved by less costly methods, It implies that
there may be more than one cost-effective remedy, with each
remedy varying in its environmental, public health, and insti-
tutional results. In. considering the cost-effectiveness of the
various technologies, costs are considered as follows:

t Capital costs.
• Operating and maintenance costs. i
• Post-remediation (monitoring) costs.

Monitoring and maintenance operations can represent a substan- ,
tial portion of a remedial action strategy. Remedial strategies ,
should aim to minimize the added costs for these operations,

0'
Tha present worth value method (1988 dollars basis) is utilized
to evaluate the total cost of a remedial action strategy, I
including the post-closure period. The cost-effectiveness for
the various technologies is compared based on total present ;
worth.

9,3 EVALDATIQH OF ALTERNATIVE l! NO ACTION WITH SECURITY
IMPROVEMENTS AND MONITORING

9.3.1 DESCRIPTION

The purpose of evaluating the no action alternative is to
provide a basis for comparison of existing site conditions with
the other proposed remedial action alternatives. This
alternative consists of performing no physical remediation work

9-10 Q
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P to the piles or lagoon site areas, Security Improvements
consisting of new fencing, access/egress gates (with locks),
and appropriate warning/informational signing are included in
this alternative. These improvements would be designed to meet
the current EPA, NESHAPS, and PADER regulations regarding

i closed solid waste (asbestos-containing) landfills. Figure 9-1
graphically depicts a logical location of these fencing, gates,
and sign improvements.

In addition, visual inspections (biannual for the first five
years after implementation) and environmental ambient air
monitoring would be performed during the following five years
after implementation in order to evaluate whether this action

' alone adequately protects human health and the environment,

i . No other improvements or remedial measures would be undertaken
under this alternative.

"̂
9.3.2 NON-COST EVALUATION

1 9.3.2.1 Technical Considerations

Since no remedial actions other than site security improve-
ments, continued inspection, and environmental monitoring are
taken under this alternative, a detailed technical evaluation
is not directly applicable. In general, however, no affirma-

! tive action to prevent direct contact/incidental ingestion or
' ambient air inhalation exposures to on-site receptors would

occur. As mentioned in the technology screening subsection of
this document, it is most likely that even with a new fence,
gate, posted signs, and warning system, trespassers (mostly
children) would continue to access the site, based on
historical occurrences. The exposed, noncovered plateaus of

O 9-13
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both piles and incomplete and eroded areas of the pile side /-%
slopes would continue to be a major source of asbestos and ''i
potential off-site migration of asbestos if disturbed. In '
addition, the lagoon and surrounding area would continue to act (
as a drowning hazard as well as an asbestos health risk. I

In addition, no action to reduce the toxicity, volume, or
mobility of the contaminants would occur as stipulated within
CERCLA/SARA. ' '

i

No affirmative action toward meeting ARARs would occur. In
time, surface water quality from eroded/uncovered pile areas
and the lagoon discharge would continue to worsen with no
provisions for future maintenance/repairs. Also, the potential
of future releases of aabestos into the ambient air if the
exposed areas of the pile are disturbed or cover
failure/erosion continues would not be addressed.

r
9.3.2.2 Institutional Considerations "̂"

The following institutional/administrative considerations are
associated with the no action alternative:

• Ability to obtain approvals from other agencies is
doubtful based on the no affirmative action over the
long term.

• Unfavorable community response (by residents of Ambler
Borough, adjacent communities, and local environmental
groups such as the Wissahickon Watershed Association)
would be expected due to the projection of worsening
ambient air and surface water quality in the future,
with no provisions to address the potential increases
in long-term future risks to on- and off-site
receptors.

• Compliance with site-specific ARARs is not addressed
over the short or long term.

9-14
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9.3,2,3 public Health and Environmental Considerations

The no action alternative, as previously described, includes
site security and warning sign improvements. These measures
would serve to make access to the piles and lagoon areas more
difficult to unauthorized personnel, and thereby reduce to some
degree the present and future risks via direct contact/
incidental ingestion and inhalation of ambient air exposures to
on-site receptors. It could be realistically expected,
however, that based on historical accounts, some trespassers
would still access the site area and locations of exposed
asbestos. The site currently is partially fenced-in and
warning signs are posted in same area, although these
facilities are not contiguous or prominent, and are generally
in bad repair. Also, the gates are not locked on a consistent
basis.

Compliance with site-specific ARARs relative to on-site and
off-site surface water quality and ambient air asbestos fiber
concentrations would also not be provided for,

In addition, although visual and environmental monitoring would
be provided for, the results of these activities appear to be a
"fait-accompli* in that without maintenance and repair, the
existing soil cap will most likely continue to fail at
localized side slope areas of the piles; thereby exposing more
asbestos to the environment. In this regard, no reduction in
future risks to on- or off-site receptors is provided for, and
in actuality, the situation/ risks would worsen (particularly
for off-site receptors). No increase in long-term reliability
is provided for via this alternative.
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It is further expected that although no current unacceptable /-\
risks to off-site receptors resulting exclusively from this " ' |
site can be quantified (due to other existing potential
asbestos sources in the area), the situation would worsen with
time until either these other sources are remediated, and/or
releases from this site would increase to the degree where
numerical degradation of air and surface water quality would be
quantifiable, and directly related to this site,

In summary, the non-cost-related considerations and feasibility
for long-term effectiveness of this alternative are not
favorable,

I
9.3.3 COST EVALUATION

Capital coats associated with this alternative include fencing j
to enclose the site, installation of gates and locks, and
warning signs on the fences. The total capital cost for /rv
Alternative 1, presented in Table 9-2, is estimated at $165,000. '

Operating and maintenance (O&M) costs are estimated at V
|23,400/yr, as shown in Table 9-3, These costs are incurred
during long-term monitoring for asbestos and maintenance of the
facility. A summary of the total costs and the present worth
analysis of each alternative are presented in Section 10. '

9.4 EVALUATION OP ALTERNATIVE 2! EXCAVATION/REMOVAL -
OFF-SITE DISPOSAL

9.4.1 DESCRIPTION

This alternative consists of complete excavation and removal of
the Locust Street Pile, Plant Pile, and Lagoon areas waste
materials to an off-site permitted/approved landfill.
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Tabl* 9-2

E*tinat*d Capital Coit* for Alternative it

Description Quantity

Fencing to *ncloi* lit*, 6,000 lin ft
installed

Naming ilgni 60

Fence gat** with lock* 4

Subtotal

Mobilliitlon/dMobiUiation,
conitruction m*n*gm*nt, lit*
•ervicei (20%)

Technology inplMintationt
d**ign*, plu*, *p*cific*tioni,
regulatory ipprovali, iniuranc*,
bond*, ind permit* (20%)

Ov*rb**d *nd profit (10%)

Contingency (15%)

Total (rounded)

Section Ho. 9
Reviiion Ho. 2
Dat*i Auguit 1988
Pagei 17

Ho Action

Unit Total
Coit Coit
(1) (1)

15/ft 90,000

100 *a 600

1,000 *a 4.000

100,000

20,000

20,000

10,000

IS. OOP

165,000
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Tabl* 9-3

Eitimatcd Operating and Maintenance Coit* tot
Alternative It Ho Action

Item Description

1 Long-term monitoring

• Annu*l *naly**i for aibnto*
(including data validation)

Air
Hater

• Labor i iHipling

• Labor i lit* inipection

• Labori r*port

• Eip*n**(

2 Fence mtintenanc*

3 Subtotal

4 AdMlniitretiv* (15%)

5 Contingency (15%)

A Annual total (round*d)

Unit
Coit

Quantity (I)

8 500/ianpl*
4 500/iampl*

120 hn 40/hr

20 or* 40/hr

60 br* 50/nr

Lunp *un

Lump IUM

Total
Coit/yr
(1)

4,000
2,000

4,800

800

3,000

400

a. ooo

18,000

2,700

'2.700

23,400

Hot* i Annual co*t/y**r required for 30-year period after remedUl
action.
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The general major components of this alternative are shown in
Figure 9-2 and would include:

piles

• Diversion of runon and construction of runoff
containment/treatment facilities.

• Complete excavation of the waste materials (asbestos
wetting and/or dewatering as applicable, as well as
calcium/magnesium carbonate dewatering) - Level C
activity for approximately an estimated 50 percent of
the time; special precautions adjacent to wissahickon
Creek.

t Continuous air and surface water monitoring.
• Bagging of asbestos wastes, physical conditioning/

solidification of interior wastes prior to loading and
transport to an approved facility.

• Transport equipment decon prior to site egress,
• Soils testing for verification of cleanup criteria.
• Haul in clean soil fill and fill/regrade the site for

positive drainage,
• Revegetate.

Lagoon

• Diversion of runon and collection of runoff,
• Pump down and treat surface water contents in lagoon

(estimated at 1,9 million gallons).
• Complete excavation/removal of lagoon materials

(sands, sediments, ballast berms, discharge structure,
etc.), including dewatering as applicable.

• Repair and restrict access to stone culvert adjacent
to lagoon and restrict future access.

t Bagging and loading of waste materials prior to
loading and transport,

• Air and surface water monitoring,

9-7,1
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• Decon of transport equipment prior to egress from the
site, r\

"•:. I '

• Test soils to verify cleanup criteria are met,
• Fill in lagoon area with clean borrow soils and

regrade for positive drainage.
• Revegetate.

It is believed that neither the asbestos process waste, the
asbestos-contaminated cinder and alag berms, or the underlying
calcium/magnesium carbonate materials would technically or
legally be classified as 'listed wastes" under CERCLA/RCRA.
This determination is based on the reasoning that asbestos is
regulated as a solid waste (under NESHAPS and Commonwealth of
Pennsylvania criteria), and further that EP Toxicity tests
performed on the underlying calcium/magnesium carbonate waste '
materials and cinder/slog material did not result in leachates
that exhibited hazardous waste characteristics in terms of EP ,
toxicity. Within this assumption, these waste materials, as
well as the other miscellaneous debris that make up the piles f~^ \

**rS iand lagoon wastes, could be landfilled in a solid/municipal
waste landfill. i

It is estimated via the results of the geotechnical boring and ,
test pit sampling programs performed during the RI that the I
quantities of waste materials contained in each of the three
source areas on-site in cubic yards are as follows;

Cindera, Slag,
Out-of-Spec
Solid Asbestos

Calcium/ Haste, and
Asbestos Magnesium Miscellaneous
Process Carbonate Other Sub-
Waataa Waataa Material total

Locust Street Pile 123,000 , 277,000 215,000 615,000
Plant Pile 96,000 333,000 211,000 640,000
Lagoon 4,500 4,500
Total • 1.26 i million cubic yards

°
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:A A detailed remedial design would need to be prepared in order
to perform this alternative safely due to the saturated and
unstable physical condition of the interior of both piles. In
addition, prior to and during construction, extensive health
and safety protocols would need to be developed and implemented
to minimize migration of asbestos-contaminated wastes into the
air and surface water after intruding into the pikes and/or
lagoon. Also, it would have to be determined where these wastes
would and/or could be taken for relandfilling due to the
massive quantity involved. These considerations are discussed/
evaluated later in this subsection.

9.4.2 NON-COST EVALUATION

9.4.2.1 Technical Considerations

Alternative 2 would involve very extensive remedial design and
-^ preconstruction planning work. It appears this alternative

could be feasible from a strictly technical viewpoint; however,
it would be a massive construction undertaking (particularly
from geotechnical and construction safety points of view) and
would span over many years. The major advantage to this
alternative is that the waste materials would be completely
removed, thereby reducing to the greatest degree possible the
volume, toxicity, and mobility of contaminants, and is a
permanent remedy with reference to this sit.o (although the
wastes would be deposited elsewhere with the same volume and
toxicity characteristics). If solidification/stabilization of
the calcium/magnesium carbonate material was performed prior to
hauling off-site, the final volume may actually l M greater,
Another advantage is that future monitoring/maintenance of the
site to ensure long-term integrity would not be requited.

9-23
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The constructability of this alternative is somewhat question- /~*.
able at this time. Additional geotechnical testing and
stability analysis would need to be performed to evaluate the
stability of the piles, as portions of the piles were removed
for off-site disposal, Of greatest concern is the stability of
the calcium carbonate waste contained by the cinder, slag, and
solid asbestos waste berms. In many portions of the piles,
where the calcium carbonate is nearly or totally saturated, the
bearing strength of this material is too low to support its own
weight and acts as a viscous fluid, This means that the
asbestos-contaminated cinder and slag berms material could not
be removed in one phase or the interior of the piles would
slump, creep, or even collapse suddenly upon removal of its
existing lateral support. ,

Obviously this condition would be very dangerous to j
construction workers and others who may enter the site. Also,
these waste materials would tend to slump down and consume more /~\i
ground space, which is generally not available, particularly I
adjacent to the creek, existing structures, and possibly even
the commuter rail line. This condition would get even worse I
during rainy weather.

t

Accordingly, construction would need to proceed in phases from
the middle-top of each pile and down toward the existing ground
surface. It is believed that even under this mode of
operation, the heavy equipment required could not be supported
by the pile materials. Localized puncture shear failures would
occur without first stabilizing the material, as was performed
during the field investigation to access the drill rig. The
piles may not be able to support large construction equipment,
resulting in potential deep circular or other type failure ot
the side slopes. The slope stability analysis of the piles
indicates the piles could support light- to medium-size
equipment. Physical safety would be a major concern. Runoff

9-24 W
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P) quality would be very poor, requiring treatment prior to
discharge from a chemical, pH, and total suspended solids
loading point of view, Due to the heterogeneous nature and age
of the piles, it also would not be known what other types
and/or sizes of foreign objects may be encountered inside the
piles. Extensive dewatering and treatment of the decant
liquids would also be required. Solidification via admixture
of dry materials would likely be necessary in order to make
this material both transportable and landfillable. Without
providing some degree of solidification, transport off-site may
be a very "sloppy" operation. Spills and leakage would be
expected enroute to the designated new landfill(s).

Removal of the asbestos process waste and the asbestos-
contaminated slag and cinder berm materials presents several
problems that would also exist during remedial action, The two
most prevalent of these would likely be releases of asbestos

"^ fibers to the ambient air and surface water during excavation
and loading and transport, along with the need to "double-bag"
these materials per current regulations for transport and
disposal. A mechanical system would likely need to be designed
and constructed to accomplish this without extensive handwork
that could result in direct contact and potential inhalation of
asbestos fibers by workers. Even with this type of system,
maintenance would be required, foreign objects would likely
upset the mechanical operation, and cleanup of spillage would
be required,

It could be argued that by wetting down the exposed asbestos
wastes, acute releases could be controlled, However, it was
noted during the RI drilling program that the surface of
exposed materials can dry out during prolonged hot and windy
conditions. Realistically, it is believed, that migration of

9-25
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asbestos fibers into the air could occur during weekends, ^
holidays, shut-down periods, and due to potential periods of
worker inefficiency during the wetting operation. Extensive
monitoring would be required on an almost continual basis,

Full-time supervision and inspection by OSHA and/or other
agencies would likely be required, Extensive transport
vehicles, decontamination, and site security policies would be
needed to ensure that asbestos is not tracked/spilled off-site
in Ambler Borough, adjoining communities, and enroute to the
raceiving landfill(s),

As a rough estimate, at a rate of 40 truckloads per day (one
truckload leaving the site each 15 minutes for a duration of 10
hours per day); a five-day work week; and 20 cubic yards per
truck; it would take approximately 6 years of continuous
operation to remove 1,26 million cubic yards.

OThe contaminated lagoon sediments consist mainly of sand and ^
soil, with varying quantities of asbestos fibers present.
These sediments are located beneath an estimated one-half to
ten feet of water currently in the lagoon. The sediments and
other contaminated media would be removed to a depth where
sampling and testing indicated that the cleanup criteria for
asbestos-contaminated material had been met. For this reason,
the quantity of material to be removed is very difficult to
estimate, Assuming a three-foot layer of contaminated sediment
on the bottom, and when adding the volume of contaminated
adjacent surface soils and the ballast/slag beams that were
apparently installed to filter the effluent prior to discharge,
the projected approximate quantity of asbestos-contaminated
media is 9,600 cubic yards.
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p\ Excavating the sediment from the lagoon would require that it
be drained or pumped out first, followed by the use of a clam
shell crane or dredger, Excavation would begin at approxi-
mately 10 feet below grade and extend to an undetermined
depth. Such an operation would proceed very slowly and would
present risks to on-site workers.

In summary, the technical feasibility of the alternative is not
favorable for the various key reasons discussed above,

9,4,2,2 Institutional Considerations

The availability of landfill space in the somewhat local area
is also a realistic concern with this alternative. It is
common knowledge that municipal/solid waste landfill capacity
in the areas surrounding this site (Pennsylvania, New Jersey,
Delaware, Maryland areas) is not abundant. Also, many of the

•~> landfills that do have capacity are not currently permitted to
accept asbestos wastes. Problems also exist with transporting
and landfilling wastes to out of state locations, which further
realistically limits available sites for disposal.

According to conversations with PADER, the landfills that are
currently permitted to receive asbestos-contaminated wastes
(classified as "special handling municipal waste") in the
eastern Pennsylvania area include:

• Grand Central Landfill - Located in Plainfield
Township, North Hampton County, Pennsylvania. The
projected capacity is 840,000 cubic yards (provided by
operator), which is planned to be filled with other
solid waste over the next two years. The distance
from Ambler is approximately 50 miles,

• Pottstown Landfill - Located in Pottstown, Montgomery
County, Pennsylvania, The remaining existing capacity
is 2,000,000 cubic yards (plus or minus), The
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•Misting time frame expected to fill this space with
oilier solid waste is approximately 2 years. It is /~\
located approximately 40 miles from Ambler.

• Empire Sanitary Landfill - Located in Taylor Borough,
Lackawana County, Pennsylvania, It is located
approximately 100 miles from Ambler, Available
remaining capacity was not able to be determined.

Other permitted landfills in southeastern Pennsylvania include:
• C.R.O.W.S, - Fairless Hills, Pennsylvania.
• Colebrook-Dale - Lansdale, Pennsylvania.
• Lanchester Corporate - Honey Brook, Pennsylvania.

These landfills, however, are not permitted to receive asbestos
per PADER.

To permit and construct a new landfill to service a potential
major removal action for these wastes off-site would likely be
a lengthy and unpopular process due to political and public
objection reasons (particularly since it is an NPL site).

In addition to potential lack of available landfill capacity, Oj'
it would take a multidisciplinary remedial action contractor
(and likely an array of subcontractors) with substantial i
technical, financial, and manpower resources to undertake a
project of thia nature. These type of firms do exist, but are ,
not abundant.

Other institutional considerations involved with this
alternative include:

• Potential delays, coordination problems, and/or
disapproval by other involved agencies (state, county,
and local) due to various factors.

• A likelihood of objections by tha local citizens in
Ambler, adjoining communities, communities enroute to
the receiving landfill, and particularly the receiving
community due to risks involved with releases of
asbestos to ambient air and environmental media as the
result of major intrusions into the piles, transport
problems, and potential releases at the receiving
facility. ' /
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Compliance with ambient air, surface water, and occupational
areas may also be difficult to achieve during remedial action
under this alternative,

In summary, although certain citizens and officials in Ambler
Borough would likely favor the long-term advantage of removing
the pilis from the borough and "reclaiming" this land, the
overall institutional feasibility of this alternative is not
favorable.

9,4,2.3 public Health and Environmental Considerations

A long-term, post-remedial reduction in future risks to on- and
off-site receptors on and around this site could be
accomplished through implementation of this alternative.
Long-term compliance with site-specific ARARs and elimination
of future inspection and maintenance could also be accomplished
through this alternative,

As discussed in the previous subsections, however, the
excavation of these materials could likely cause increased
releases of asbestos fibers into the ambient air and surface
waters, The health risks to workers, the adjacent community,
and environment posed by these releases have the potential to
be substantial and could be prevented with another alternative
that did not entail excavation or major disturbance of these
materials.

This alternative would entail significant potential health and
safety risks to workers, including direct contact with great
quantities of asbestos-laden materials and physical safety
hazards associated with the potentially unstable piles if major
Intrusive activities were performed.
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Over the "short-term" (during remedial action), increases to
existing risks appear to be imminent should this alternative ba
selected. Also, as previously discussed, the length of time
involved to remediate the site under this alternative is
substantial.

In summary, the feasibility of thin alternative with respect to
public health and environmental considerations has some
advantages over the long-term (assuming the piles/lagoon are
not remediated in any other effective means). However, the
substantial potential for increased risks to on-site and
off-site receptors during remedial action appears to outweigh
the long-term advantages.

9.4.3 COST EVALUATION
I

The capital cost for Alternative 2 is estimated at $2,446,000,
as presented in Table 9-4. Operating and maintenance (O&M) ^
costs are provided in Table 9-5. The O&M costs have been ^I
estimated at $30,828,000 for the first seven years during
remedial activities and $2,000 for five years after j
remediation. Post-remediation costs involve monitoring
activities to verify effective cleanup. A summary of the total '
costs and the present worth analysis of each alternative is
presented in Section 10,

9,5 EVALUATIOM OP ALTERNATIVE 3! OH-SITE VITRIFICATION/

STABILIZATION (VIA PROCESSING PLAHTfSl

9.5.1 DESCRIPTION

This alternative would involve further pilot-scale development
and analysis, and potential future construction of a full-scale
vitrification and/or vitrification and stabilization plant(s)
on the site.
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Eitimnted Capital Coit* for Alternative 2t Off-Site Diipoial

Itm

1.

2.

3,

4.

5.

6,

7.

8.

9.

10.

11,

12,

Deicription Quantity

Site preparation (road*,
•taging area*, etc,)

Lagoon water treatment (include*
{locculation, itdinintatlon,
filtration units, rental,
operation, and labor) 1,9 million gal*

Traatability itudy for lurfac*
watir remediation

Surface water dlverilon/
interception ditche* 5,000 lin ft

Ero*ion/**dim*ntation
control iyit*m

• Silt fence*, etc,
• Sedimentation baiin* (2)

Health and lafaty equipment/
air monitoring equipment 2,000 day*

Subtotal

Mobiliiatlon/dcmobiliiation,
cbnitruction management, lit*
•ervic** (25%)

Technology implementation!
deiigni, plan*, ipccificn-
tioni, regulatory approval*,
iniurance, bond*, ud permit!
(10%)

Contingency (30%)

Hinui valu* of reclaimed land 21 *cr*i

Totil (rounded)

Unit Total
Coit Coit
(») (!)

Lump turn 100,000

Lump turn 240,000

Lump lum 50,000

10/lin ft 50,000

Lump lum 50,000
Lump lum 250,000

250/day 500,000

1,240,000

310,000

124,000

372,000

40,000/acr* 840,000

2,446,000

9-31
1202E

AR300838
,-.,r.-7wr/vM«—•;- •:.- -- . • - - - - • •••••- - •- • . •...,,- •-•--.• -,--.--._.:.:,: .......... ......rp
I{ the page kilned In thia {tame la not aa teadable_ot, leglblê aa.thlâ
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Estimated Operating and Maintenance
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Costs
for Alternative 2i Off -Sit* Disposal

Item Deicription Quantity

1, ri*ld Inspection*, monitoring,
reporting during remedial
agencle* (agencie* and borough) 7 y**r*

2, Eicavation

• Locuit Strict pil* 615,000 cu yd*
• Plant pil* 640,000 cu yd*
• Ligoon ud settling basins 4,500 cu yd*

3, Soil *n»lyses for cl**nup
verification 1,000 test*

4, Backfill cicivated lagoon,
••ttllng basins, and pil**
with cl*u soil* 175,000 cu yd*

5, B*gging/sp*ci*l loading of
•ab**to* wast** b*for* off-
lit* transport, truck
decontamination, etc, 833,500 cu yd*

S.b Oewatering/itabiliiation
of Ca/Hg carbonate wait**
before traniport. Stockpile,
stabilise with 10% CKD addition,
•iiing, truck decontamination,
etc. 426,000 cu yd*

6. Transportation of asbestos-
contMln*t*d mtt*ri*l*

• Locuit Street pil* 615,000 cu yd*
• Flint pil* 640,000
• Lagoon and settling

baiin* (from settling
and fllttring wattr
only) 4,500 cu yd*

Unit Total
Coit Coit/yr
(!) <»)*

40,000/yr 40,000

20/cu yd 1,757,000
20/cu yd 1,628,600
10/cu yd 6,400

750/tMt 107,000

10.50 cu yd 262,500

5.00/cu yd 595,400

15/cu yd 912,900

15/cu yd 1,317,900
15/cu yd 1,371,400

15/cu yd 9,600

•B***d on assumption that r*m*di*l activlti** will tik* 7 y**rs to compl*t*.
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Table 9-5
(continued)

Item Description Quantity

7.

8.

9,

10.

11.

12.

13.

14,

15,

Disposal of asbestos-
contminated material*

• Locuit Street pile 615,000 cu yd*
• Plant pile 640,000 cu yd*
• Lagoon and settling basing 4,500 yda

Duit control (wetting)

Degrade/ revegetate (hydroseed)

• Locust Strict pil* area 450,000 so. ft
• Plant pile area 400,000 sq ft
• Lagoon and settling baiin

*r*a 85,000 *q ft

Air and (urfac* watar monitoring
during on-aite activities

• Labor, laboratory analyses,
and reporting

Post-remediation action
monitoring S years

Subtotal

Year* 1 through 7
Years 8 through 12

Administrative (15%)

Years 1 through 7
Y*ar* 8 through 12

Contingency (25%)

Total (rounded)

Years 1 through 7
Years 8 through 12

Section Ho. 9
Revision Ho, 2
Datai Auguit 1988
Pagei 33

Unit Total
Coit Coit/yr
(I) ($>*

75/cu yd 6,589,300
75/cu yd 6,857,100
75/cu yd 48,200

17,100

0.10/iq ft 6,400
0.10/iq ft 5,700

0.10/sq ft 1,200

Lump sum 285,700

2,000/yr •*

22,020,000
2,000

3,303,000
300

5,505,000
500

30,828,000
2,800

•Band on assumption that remedial activities will take 7 year* to complete.
-, J «*Annual coit included in coit total* below this item.
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Vitrification is a process wherein asbestos-contaminated /•>
materials can be transformed by melting (at extremely high
temperatures (1,300°F)) into a nontoxic glass-like material.

This process differs from the technology referred to typically
as "in situ vitrification", which melts the contaminated
material in-place using high charges of electricity transfers
to the material through probes driven into the contaminated
material. Consequently, this process requires excavation of
the asbestos-contaminated materials, hauling to the plant, and
feed into the furnace structure.

I
Vitrification in both of these forms has been, and continues to
be, an application of interest to regulatory agencies,
including EPA; and is most accurately described in its current
state of development aa an "innovative technology." EPA has/is j
currently evaluating these processes as part of its Superfund
innovative Technologies (SITE) program. At least one /-> ,
"demonstration project" regarding vitrification via the I
processing plant type of operation has been performed in the
recent past. EPA and REM II personnel visited a pilot plant I
version of this process at a former glass works in Martinsburg,
West Virginia, on June 29, 1987, to investigate this I
technology's potential applicability for use at the Ambler
Asbestos Piles site. A "trial burn" using bagged asbestos
material from abatement projects was run through this plant;
which was developed, constructed, and operated by "Vitrifix of
North America, Inc." Relatively small quantities (with
relation to the volume of asbestos-contaminated materials that
would require processing at the subject site of this RI/FS)
appeared to have been successfully transformed into glass-type
end products during this demonstration. At the time of the
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.p. pilot plant visit, only 1 ton/hour of asbestos material was
' being processed with plans to increase feed rates to 5-6

tons/hour, These materials generally contained a higher
average asbestos content (45 percent asbestos) than expected
from the pile wastes and lagoon sediments that would require
processing at this site. The "feedstock" was noted to consist
mostly of previously bagged asbestos abatement types of wastes
(from building and factory cleanups); although some lower
content asbestos-contaminated materials were also processed,
The process also requires the addition of soda lime-based glass
(or other source of sodium ions for use as an electrolite) to
maintain the electric current across the electrodes that melt
the asbestos wastes. Normally 20 percent of the feedstock is
glass (cullet).

From the work performed and results published to date, the
processing plant type of vitrification appears to be a viable

-^ and potentially promising technology for asbestos transforma-
—•' tion and detoxification at certain types of sites and

wastestreams. To our knowledge, however, no full-scale,
extended runs have been performed to date that limit current
ability to totally evaluate the technical, operational, and
cost-related variables of this technology over the long-term.

At this time, several vendors are apparently working on
variations of this technology for potential large-scale
application to sites of various types. Vitrofix of North
America, Inc. previously submitted a method statement (November
1986) for applicability of their process to the Nicolet Plant
Pile Hastes (see Appendix D).

With regard to the Ambler Asbestos Piles site, this technology
appears most applicable to the asbestos-contaminated materials
from both piles and the lagoon sediments.
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It is technically possible that this type of process can /-x
include the calcium/magnesium carbonate wastes as part of the
cullet feedstock if sand is also added. Although the quantity
of calcium carbonate in the piles far exceeds the volume that
could be processed based on an 80 percent asbestos/20 percent
cullet feedstock ratio.

Regarding these internal materials, it is also possible and
potentially more practical to stabilize the magnesium/calcium
carbonate wastes via pozzolanic, cement-kiln dust (CKD) and/or
thermoplastic solidification/stabilization methods (although no
bench- or pilot-scale studies have been performed to our
knowledge on these materials in this regard) . These technolo-
gies have been utilized on various other types of projects,
however; with certain successes and encapsulation-producing
matrices resulting. I

In simplified form, the major components and sequence of /-> .
construction for Alternative 3 are shown in Figure 9-3 and are I
as follows:

j
• Research, test, analyze, and further develop the

potential vitrification and/or stabilization
technologies on a bench-scale, to a greater degree '
with site-specific materials leading toward possible <
approval of certain pilot- and full-scale systems to
"treat" on-site the waste materials at this site
(treatability studies).

• Construct full-scale on-site facility(ies). Many
significant feasibility variables such as location and
space requirements; electric and other utility
aervicea; financial and liability agreements;
environmental emissions and discharge limitations;
health and safety protocols; etc., would need to be
worked out prior to start of construction. Electric
power consumption requirements for the vitrification
plant, based on reported data (supplied by vendors),
would be vary large (estimated at 1,000 kw per 1 ton
of asbestos waste processed). A new electric
substation would likely need to be constructed on or
near the site, or substantial revisions to existing
facilities and major service lines ran to the aite. (/
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Excavate, haul, and stockpile waste materials from
both piles and the lagoon in a sequenced manner (over
a number of years) in order to provide the feed
materials to the plant(s). Site preparation (runon
diversion, runoff control, haul roads, etc,) similar
to those previously described under Alternative 2 -
Excavation and Removal, would need to be employed
first. Substantial constructability and health and
safety concerns (releases of contaminants to ambient
air) would need to be addressed first, as previously
discussed.
A "set-aside area" would have to be constructed to
deal with large and/or foreign materials that could
not be fed into the plant. These materials would
likely ultimately require landfilling either on- or
off-site.
Extensive environmental and personnel monitoring for
workers and off-site receptors would be required in
order to quantify potential releases and the impacts
on the local ambient air. Even with required wetting
and other dust/fiber suppression controls, unaccept-
able releases may occur as a result of excavation and
process activities requiring a completely enclosed,
"bubble canopy" work area. Even with these types of
systems, exhausts and emissions are imminent and
problems with current applications in other industries
are well-documented.
At best, the process would most likely require
substantial modifications and/or additions as the
project continued in order to deal with new data and
the waste materials types/consistencies encountered
during excavation.
Assuming that the estimated 1.26 million cubic yards
could be processed and/or segregated (and portions
landfilled), it is not currently known what could/
would be done with the final product. According to
vendors, although there are certain potential useful
purposes for the final product materials (i.e.,
roadbase materials, structural fill, landfill
intermediate cover, etc.), to our knowledge no current
reuses of these materials on a large-scale have been
documented; not to mention post-reuse monitoring/
evaluation of final product properties. With the
current information available, it appears very likely
that the great majority of these end-product materials
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would have to be relandfilled, either back on-site in
the form of "new piles" or transported off-site to an
approved location for filling,

• At the completion of processing operations the
plants(s) would need to be dismantled and removed
unless a continued use for them could be found,

• The site would be backfilled and regraded for positive
drainage, and revegetated, If materials are
redeposited on-site, the material would be covered
with a soil cover of a two-foot thickness, The cover
would be vegetated and graded for positive drainage.
It is not known at this time what volume reductions of
waste materials could be expected using the vitrifi-
cation process. Stabilization of the magnesium/
calcium carbonate would result in an increase in waste
volume. Space constraints and slope requirements may
limit on-site redisposal.

In general, this alternative would involve extensive predesign/
implementation pilot studies and construction of facility
safety and support systems. Because this treatment technology
is not a proven technique for large volumes of wastes
containing variable concentrations of asbestos, it can be
estimated that it would take several years before the
feasibility of this technique is proven. Assuming that the
technologies could be developed and would prove feasible and
effective, it would provide a potential for a permanent
remedial solution for this site. However, the potential
short-term health risks associated with the excavation and
processing of asbestos material presents a considerable risk to
workers and local residences, Further discussion of technical,
institutional, public health, and cost considerations are
provided in the following sections.
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9.5.2 NON-COST ANALYSIS

9.5,2,1 Technical Considerations

From a purely theoretical point of view, the vitrification/
stabilization process represents a technology that could offer
many advantages toward permanent remediation of this site. The
vitrification process has recently been recognized by EPA as a
means of transforming asbestos into a less toxic form through
"destruction" of asbestos fiber structure on a microscopic
basis. In this way, the process is capable of reducing the
toxicity and in certain ways the mobility of asbestos contami-
nants over a long-range basis. In relation to this site,
however, several major and realistic technical limitations are
involved; some have been described in greater detail earlier in
this document as follows:

The process itself has not truly been proven on a
full-scale basis for application on a site such as
this, Design requirements, construction technologies,
operational problems, and site-specific considerations
are at this time left undefined,
The constructability of excavation of the piles is a
major concern and could prove to be realistically
infeasible under further study due to the problems and
potential physical and chemical (asbestos) dangers
that exist, as related to removing the asbestos-
contaminated outer materials and having to deal with
the saturated and almost negligible shear strength of
the underlying interior calcium/magnesium carbonate
wastes (which comprise the majority of the interior of
the piles, as previously discussed),
During the period of remediation, it is likely that
many ARARs regarding ambient air and/or surface water
quality would not be met,
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It does not appear that the vitrification process is
intended for or best-suited to "treat" the interior
pile materials. In this case, an additional
stabilization process (pozzolanic, CKD-based, or
thermoplastic techniques, each of which are also
currently untested with respect to this site), would
likely be determined to be required, These methods,
although possessing great advantages in their own
regard, are generally classified as more encapsulative
than destructive technologies; offering potentially
less long-term reduction in toxicity and mobility,
Also, under these techniques the volume of the final
waste product to be dealt with in actuality increases
through the addition of solidifiers and reactive
ingredients, certain of which possess their own
leachable constituents that can affect other
environmental media. If a ratio of one-half to one
mixing (additive rate) is assumed as being required in
order to bulk-up and increase the shear strength of
the internal pile materials; and further, if this
mixing ratio was proven to be required (in order to
allow construction of more stable slope configura-
tions, etc,); an increase of approximately 33 percent
would occur in the final volume of resultant
stabilized waste materials, without constructing new
piles of even higher elevation than those that exist,
it does not appear that this site could contain this
increased volume, necessitating transport and
landfilling off-site (unless an alternate reuse could
be found).

Regarding reuse potential for both potentially
vitrified and/or stabilized wastes from this site, it
is not known of any that currently and feasibly exist
on such a large-scale basis, To our knowledge, no
major local DOT agencies or others have endorsed
large-scale reuse of these products under their
construction programs. Although these potential reuse
options have merit for certain sites and specific
waste streams, it is not believed that they are
realistically feasible for this site at this time. At
best, this alternative would involve years of
pilot-scale testing before becoming potentially
suitable and proven for use in such a large-scale
project.
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,-\ In summary, the technical feasibility of this alternative does
not appear to be favorable.

9.5.2,2 Institutional Considerations

Regarding institutional and associated considerations, the
following analysis is provided:

• Because no reuse mechanism for either the vitrified
and/or stabilized materials is currently known of or
envisioned in the near future for such a large-scale
application, it is most likely that off-site
landfilling at an approved landfill would at least
partially be required (even if some percentage of the
materials were relandfilled on-site to a more stable
configuration after processing), As previously
discussed, a potential shortage of currently projected
landfill capacity for the regions around this site has
already been evidenced, and is a recognized substan-
tial problem; even without consideration of the
relocating extremely large volumes of waste material
present at this site, Certain existing landfills

"~) could even potentially be filled up and beyond just
•^ from the materials from this site, Processing

requirements, in order to be cost-effective, would
likely require near "around-the-clock" operation due
to the major hardware investments and componentry
involved, This would require intermediate stockpiles
to be developed near the plant to feed it (since
excavation activities could not feasibly occur at
night), This would create even more potential source
areas for migration of waste constituents (particu-
larly asbestos to the air). Public reaction to this
situation can be projected to be unfavorable due to
exposure risks to off-site receptors.

• As previously discussed, transport safety concerns and
the high potential for community disapproval of
hauling wastes off-site would most likely exist,

• Site-specific ARARs related to air and surface water
quality would likely not be met during remedial action
activities.
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• Due to the current public knowledge/ awareness
regarding the potential health effects relating to
working with asbestos, it is unlikely that a
consistently qualified staff of workers could be found
who would be willing to work on this project
(particularly in the Ambler area),

• Compliance with certain site-specific ARARs would most
likely not occur for an extended term (during
remediation) .

• The EPA guidance for RI/FS programs under CERCLA
(October 1987) states that certain sites may not be
realistically suitable for application of treatment
technologies (see Subsection 1,4 - Special Sites). A
portion of this subsection is included below for
direct reference, as follows:

"The use of treatment technologies may not be
practicable at some sites with large volumes of
potentially low concentrated wastes (e.g., large
municipal landfills or mining sites). Remedies
involving treatment at such sites may be
extremely expensive or difficult to implement."

In summary, the institutional feasibility of this alternative
does not appear to be good.

9,5,2,3 Public Health and Environmental Considerations

Many of the factors relating to the public health and environ-
mental considerations that are relative to this alternative
have already been mentioned in previous subsections of this
document. Summarizing, the following major considerations
apply:

Over the short-term (during remedial action), no
reduction in existing risk to on- or off-site
receptors would occur. Major intrusion into the piles
presents a genuine physical and chemical (asbestos)
risk to on-site excavation and hauling workers due to
the steep slopes and nature of the exterior and
interior waste materials contained in the piles,
Exposure to the atmospheric elements (wind and rain)
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of large surface areas of asbestos-containing
i^ materials, along with stockpiling of incoming feed

materials to the process plant(s), would require
extensive monitoring and most likely substantially
impact ambient air quality around the site. As
referenced in a method statement from one potential
vendor (Vitrifix of North America, Inc.; see Appendix
F, attached), a "shroud" or canopy type of structure
would be realistically needed to control potential
asbestos migrating to the atmosphere, even for a
pilot-scale installation, as proposed therein.
The expected capacity of a processing plant to vitrify
asbestos materials on-site has been estimated by this
potential vendor as five tons/hour of asbestos-
contaminated materials (average). Assuming this rate
could be maintained without shutdown for malfunction
or nonroutine maintenance on a 20-hour per day basis,
which is highly unlikely relative to other time-tested
technologies, it is liberally estimated that the time
required to process the entire 1,26 million cubic
yards estimated to be contained in the piles (at an
average density of 90 pcf) would be 42 years, If only
the asbestos process waste and asbestos-contaminated
cinder and slag materials were processed in a plant of
this capacity, the time frame required would be

--, approximately 22 years. When considering the time
J frame required, the potential for substantial

increases in site emissions to the ambient air, and
the potential for exposure to on-site and off-site
receptors, the health risks of prolonged potential
exposure does not appear acceptable.

• Processing plant workers would be required to wear
Level C (respiratory protection - powered air
purifying respirators) for all operations. By working
in the direct proximity of the plant, the potential
for inhalation exposures over these periods of time
would also be very high, and likely unacceptable, The
direct contact/incidental ingestion pathway of
exposure would also be a major factor that could
affect the health of the workers. Occupational
exposure problems to asbestos plant workers is well-
documented.

• With a project of this magnitude and duration,
decontamination and personnel environmental monitoring
procedures for workers egressing the plant daily
(three shifts under the assumed scenario) would be very
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extensive. It is believed likely that even with the
best of controls, that asbestos materials would be
carried off-site via clothing, boots, vehicles,
trash/waste haulers, etc.

• Compliance with site-specific ARARs during remediation
would likely not be met consistently met regarding
ambient air, occupational air, or surface water
quality.

• Over the long-term (after remedial action), assuming
that this alternative could become technically and
institutionally feasible (which appears remote at this
time), the sources of asbestos on-site would be
greatly, if not almost entirely removed, except for
residuals or new landfills left on-site. In theory,
this occurrence would seem to be advantageous.
However, when considering the potential for substan-
tial emissions/discharges to off-site areas during a
long-term and extensive remediation project such as
would result from this alternative, it is believed
that the asbestos that could potentially migrate
off-site in this time frame would continue to impact
the surrounding area (via residual contamination to
ambient air and surface water) for a period beyond the
remedial action itself. It is possible that the
amount of asbestos that could leave the site via these
pathways may be more than what would leave the site
over the long-term, even if no remediation at all
beyond the current status was attempted,

In summary, the public health and environmental feasibility of
this alternative is not favorable,

9.5.3 COST ANALYSIS

The preliminary capital cost of Alternative 3: On-Site
Solidification/Vitrification, is estimated at $99,376,000, as
presented in Table 9-6, Operation and maintenance (O&M) costs
are provided in Table 9-7. It is assumed that, using the
vitrification treatment process, it will take 20 years to
complete remediation of the site, Some costs estimated for
this alternative are speculative due to the technical
uncertainties that are associated with some of the components
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Table 9-6
1 -,^

Estimated Capital Coit* for Alternative 3t
On-Site Solidification/Vitrification

Unit Total
Coit Coit

Item Description Quantity (!) ($)

1, Site preparation (roads, staying Lump sum 200,000
areas, etc.)

2, Conitruction of *l*ctrical Lump sum 250,000
substation

3, Vitrification furnace and Lump lum 2,200,000
equipment (5 toni/br)

4, Installation of vitrification Lump sum 5,500,000
furnace and equipment

5, Purchase of solidification plant Lump sum 1,100,000
.~\ (100 tons/hr)

6. InsUllation of lolidificatlon Lump sum 2,200,000
plant

7. Conitruction of a itorao* area Lump lum 50,000
for unbeatable debria

8, Hater treatment unit (include* 1.9 million Lum sum 240,000
flocculation, sedimentation, gal*
filtration)

9, Tr*atability itudy for surface Lump aim 50,000
water remediation

10, Treatability itudy for lolidifi- Lump *um 50,000
cation of CaC03 compound*

11, Tnatability itudy for vitrifi- Lump »um 50,000
cation of asbestos material*

•Costs ar* groii aetinates only; v*ndor(i) unwilling/unibl* to lupply
detailed information at the present time.
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Table 9-6
(continued) ("""))

N...'

Unit Total
Coit Coit

Item Description Quantity (I) (I)

12, Pilot plant for vitrification Lump sum 1,000,000*
process (include* temporary
electrical hookup)

13. Shredding of overiind materials 126,000 cu 50,000 50,000
(assume l\ of pile contenti) yd*

14, Setup for solidification/ Lump sum 500,000
stabilisation operation at
on-lit* location(s)

IS. Surface water diversion/ 5,000 lln ft 10/1in 50,000
interception ditches ft

16. Erosion/sedimentation control
system s-,

t) Silt fence*, *tc, Lump sum 50,000
• Sedimentation b*sin(s) (2) Lump sum 250,000

17. Gabion* for Locuit Strict pil* 500 lin ft 200/lin 100,000
Installed ft

IB. Health ana s«f*ty equipment/ 10,000 day* 250/day 2,500,000
air monitoring equipment

19. Fence* (installed) 7,500 lin ft 15 113,000

20. Miming signs 75 100 •* 7,500

21. f*nc« gate* *nd lock* 6 1,000 •• 6,000

22. On-sit* dUpoul ot treated 1,000,000 20/cu yd 20,000,000
w**ti* eu yd*

*Co*t* ar* gross eetimit** only; vendor)*) unwilling/unable to eupply
detailed information at toe present time,
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Item

23,

24.

25,

26.

27.

28.

29.

Table 9-6
(continued)

Description Quantity

Off-lit* disposal of traated 260,000
wastes cu ydi

Subtotal

Mobilisation/demobilisation,
Conitruction management, aite
•ervicei (22 V

Technology implementation)
deiigns, plani, specifications,
regulatory approval!, insurance,
bonds, permiti (22%)

Overhead and profit (10%)

Contingency (25%)

Total (rounded)
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Unit Total
Cost Coit
(f) (!)

75/cu yd 19,500,000

55,517,000

12,214,000

12,214,000

5,552,000

13,879,000

99,376,000

•Costs are grois utimat** only; vendor(i) unwilling/unable to supply
d*tailed information at the present time,

9-49
1207E

AR300855

I{ the page filmed In thia {tame la not aa teadable^ot, legible, aa
label, it 4.t due to aubatandatd colot ot condition o{ the otlglnal page.



Tabl* 9-7

Section Ho, 9
Revision Ho, 1
Datci 5/26/88
Page) 50

Eitimatid Operating and Maintenance Coit* for Alternative 3i
On-Site Solidification/Vitrification

Item

1.

2.

3.

4.

5.

6.

7.

6.

9.

10.

Diicription Quantity

Health and safety equipment
(•spendable*) 10,000 day*

Shridding of overslied materials
(assume 0,5% of pile volume*) 6,300

Solidification of CaCOj
compound* (include* labor) 426,00 cu yd*

Vitrification of asbestos
material* processing coit*
(include* libor)2 1,042,000 ton*

Eicavatlon/hauling to on-lit* 1,260,000 cu yd*
vitrification unit

Soil analya*! for cl**nup
verification 1,000 irnpl**

Backfill eicavated
lagoon and settling basins
and pil** with clean toil 175,000 cu yd*

Placement of vitrified and
solidified product back in
pil* area* 879,000 cu yd*

Backfill clian loil over the
vitrified and solidified
product pile* 70,000 cu yd*

Off-lit* disposal of material*
thit cumot b* backfilled
on-lit* 3 (includ** truiDort*-
tlon) 376,000 cu yd*

Unit Total
Coit Coit/yr1
(!) (I)

750/day 125,000

20/cu yd 6,000

100/cu yd 2,130,000

160/ton 8,336,000

20/cu yd 1,200,000

750/sampl* 36,000

10.50/cu yd 92,000

4.6S/cu yd 204,000

10.50/cu yd 37,000

90/cu yd 1,692,000

1B*sed on Miumption that remedi*! ictiviti** will ttk* 20 year* to complete.
'include* *l*ctric»l coit of 1,000 kn-hri/ton of proc****d niter!*! at 10.07/
kw-hr (mintcnuce coit* *r* not well defined due to lack of vendor Informa-
tion.

. 3A*«um* 30 percent muit b* disposed of off-lit*,
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Table 9-7
\~̂ ] (continued)

Unit Trtal
Coit Cost/yr1

Item Description Quantity (I) (I)

11. Regrade/revagetate (hydroiaed)

• Locuit Strait pile area 450,000 iq ft 0,10/iq ft

• Plant pile area 400,000 iq ft 0.10/ig ft

• Lagoon and settling
basin area 85.000 ig ft o.io/ig ft

• Total 935,000 0.10/iq ft 5,000

12, Air and lurface water
monitoring during
activiti*!

•' Laboratory analyses
and reporting Lump *um 400,000

13. Subtot*! 14,325,000

14, Administrative (11%) 2,149,000

15, Contingency (25%) 3,581,000

16, Total (rounded) 20,055,000

•B«sed on assumption that remedial activitie* will take 20 years to complete,
•"includes electrical coit of 1,000 kn-hri/ton of processed material at I0.07/
kw-hr (maintenance coiti are not well defined du* to lack of vendor informa-
tion.
3Assum* 30 percent must b* disposed of off-lit*.
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of the alternative. Post-remediation monitoring would be (~\
required; however, these costs have not been included in this
estimate because of the uncertainties associated with the
length of time for completion of the vitrification treatment
process and the relative low magnitude of monitoring costs
compared to the remediation costs of this alternative. A
summary of the present worth analysis of each alternative is
presented in Section 10,

9.6 EVALUATION OB1 ALTERNATIVE 4! ON-SITE CLOSURE

9.6,1 DESCRIPTION

Alternative 4 involves placement of a cover system on each of
the asbestos-containing waste piles and clean fill in the
existing lagoon and settling basins, The major components of
this alternative involve the following:

0• Pumping of water from the lagoon and settling basins,
followed by filtration for removal of aabestos
fibers. Discharge of the treated water on-site.
Placement of filter backwash on the waste piles.

• Installation of a geotextile over the lagoon and
settling basin sediments,

• Backfill of the lagoon and settling basins with clean
low permeability compacted soil (bringing the
depression up to grade to promote long-term positive
drainage).

• Installation of geotextile and three-foot soil cover
on the exposed plateau areaa of the,Locust Street and
Plant asbestos Piles and on the exposed side slope
areaa of the Locust St. Pile. y
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e Repair of erosion on waste pile side slopes due to
,A storm events, soil creep, freeze/thaw effects, etc.

• installation of gabions for protection of the Locust
Street Pile from the scouring action of the
Wissahickon Creek,

• Installation of fencing/locking gates to prevent
unauthorized access to the site. Posting of warning
signs.

• Erosion/sedimentation controls during remedial
activities and until vegetation establishes.

• Air monitoring for asbestos during remedial activities
(personnel and environmental).

• Post-closure inspections, maintenance of the piles,
lagoon, and settling basin areas, and preparation of a
contingency plan,

Figure 9-4 provides a graphic illustration of Alternative 4,

Implementing this alternative would first involve pumping the
water from the lagoon and settling basins and leaving the

^) sediments in place, since previous laboratory analyses showed
that the lagoon and settling basin waters contains asbestos
fibers, they must be treated before being discharged on-site.
This treatment would include flocculation, followed by a mixed
media filter in aeries with a microfilter to separate the
suspended sediment and asbestos fibers from the water. The
treated water could then be discharged on-site. The status of
the current site NPDES permit would need to be checked and
reapproved by the Commonwealth of Pennsylvania prior to
discharge. Collected sediment and asbestos would be placed'on
the piles prior to cap construction.

It has been documented that asbestos fibers do not exhibit
migration potential through underlying soils into the
groundwater (U.S. EPA, Dalton, D., 1985). Therefore,
infiltration and leachate control are not a primary concern at
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C] this site, Within this alternative, it is proposed that the
remediation performed for the asbestos-containing lagoon and
settling basin sediments would involve placement of a
geotextile over the sediments (immediately after draining to
prevent drying and wind dispersion and provide tensile strength
for the sediment to allow for cover installation), followed by
backfill with clean, compacted soil. The backfill and the
geotextile would protect the buried asbestos fibers from
freeze/thaw weathering and address their potential subsequent
resurfacing.

Cap construction would primarily involve covering the tops of
the piles with a minimum of three feet of recompacted soil
(graded as to drain), The cap would consist of a geotextile
fabric above which would be placed 30 inches of soil that
exhibits low erosion characteristics (suitable gradation of
gravel and clay). A designed gradation should be developed in

""'• this regard, A six-inch layer of topsoil would also be placedi ~s over the 30-inch layer so that a vegetative cover can be grown
and maintained. The three feet of soil is of sufficient
thickness to prevent the damaging effects of freeze/thaw
weathering to the soil cap and underlying waste materials.
Trees, shrubs, and grasses would be cut down to pile level and
covered with an impregnated geotextile material to inhibit
future growth prior to placement of the geotextile and soil
cap. Jute-netting would then be securely staked in place, where
required, to hold the soil until vegetation establishes.

The side slopes are already substantially covered, and a good
stand of crown vetch vegetation exists in most locations,
Exposed areas on the side slopes of the Locust St, Pile would
be covered similar to the plateau areas of the piles, The
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exposed waste would be first covered/stabilized with a
gaotextile/geogrid pinned into the pile as discussed in
subsection 8.3.2,3 (7) and then covered a compacted soil and
top soil layer. On areas of the piles sideslopes, where
significant erosion has occurred to date additional soil would
be placed over geotextile fabric and/or geogrid thut was cut to
fit and anchored in place, then vegetated, Drainage
improvements via channels and flumes would also be performed.

In addition to these activities, remedial actions would also
include installation of gabions along the Locust Street Pile
where it adjoins the Wissahickon Creek bank to provide erosion
protection from the continual scouring of the creek flows
against the toe of the Locust Street pile, This condition is
particularly prevalent during large storms.

Security at the site would be increased such that new 8-foot
tall fencing with barbed-wire treatment would be installed
around the entire perimeter of the piles and lagoon area to
prevent unauthorized access to on-site areas. Locking gates
would be provided for access to authorized persons in the
future. Warning signs would also be posted on the fences,
related to the asbestos hazards on-site.

Inspections of the aite would occur biannually for the first
five years after remediation. A written report that details
the effactiveneaa of remediation would be submitted at the end
of five years (as required by SARA). An annual inspection of
the site would be required thereafter to ensure that human
health and tha environment are being adequately protected.
Long-term cap maintenance such as local erosion repair,
grading, seeding, etc., is required to promote cap integrity
over the long-term. Howaver, based on the current status of
the site, almost four years after the emergency action in 1984,
minimal maintenance ia expected in this regard.
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P) During on-site activities, erosion and sedimentation controls
such as channels, silt fences, jute-netting, and sedimentation
ponds would be used, as needed. Finally, a contingency plan
would be developed to ensure that appropriate remedial action
will be taken if local failure of the new cap were to occur.

9.6.2 NON-COST ANALYSIS

9,6,2,1 Technical Considerations

The primary function of a cap that covers asbestos material is
to provide a barrier between the asbestos and the atmosphere,

, thereby preventing releases of fibers into the ambient air.
I The cap must be structurally sound to prevent re-exposure of

the asbestos fibers and provide the integrity necessary to
| ensure public health and safety at the site under existing and

potential future uses. Cap design must include considerations
for potential frost heave and/or settlement damage, as well as
erosion control so that risks of exposure to asbestos fibers is
minimized. The cap for the Ambler Asbestos Piles site
(geotextile/30 inches of soil resistant to erosion and six
inches of topsoil/vegetative cover) should provide protection
for the cap materials and underlying wastes against freeze/thaw
effects and will provide increased stability to the'surface of
the piles.

Installation of a cap on the Locust Street Pile is complicated
by the fact that a large number of mature trees and shrubs have
grown in certain areas. Over a long period of time they would
be subjected to aging and storm events, both of which could
cause them to break off or fall over and uproot; with subse-
quent potential release of asbestos fibers, Also, in the
summer, leaf coverage can prevent adequate growth of vegetation
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under trees. This increases the effects of erosion, These _
trees, shrubs, and grasses would need to be cut down to pile '
level and the trunks/roots left in place so that the asbestos
would remain undisturbed. In this way, the potential for
future release by uprooting is addressed. Also, vegetation
would be able to grow around the trunks and serve to minimize
erosion effects, An impregnated, root-growth discouraging
geotextile would be placed over these locations to prevent
resurfacing of major deep-rooted vegetation. These products
are now commercially available for cap applications.

The useful life and reliability of a cap is significantly
affected by the degree of maintenance it receives. Therefore,
to maximize its efficiency and the length of time the cap j
maintains its integrity, maintenance would be required
(particularly for the next 5 to 10 years after completion of I
remedial on-site closure).

Installation of a cap on each of the identified waste piles ^
involves common construction practices and materials. However,
at the Ambler Asbestos Piles site, the use of lightweight {
equipment is required because the piles may not be able to
support heavy duty machinery in certain locations. The
geotechnical analysis performed as part of the RI/FS (see
Subsection 5.3 of this document) has indicated a low factor of
safety for most existing external side slopes on both piles
(0,96 to 1.15 in general for critical locations). Additional
detailed geotechnical analysis is recommended for the remedial
design stage of the remedial action program for thia site to
investigate in greater detail, how the additional surcharge
weight of tha three-foot aoil cap proposed herein along with
the (eight of construction equipment during remediation may
affert factors of safety for slope stability during and after
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Pi remediation at specific locations around the piles.
Substantial geotechnical effort has been expended during this
RI/FS project in order to provide profiles of the piles,
soil/waste strength data, existing condition slope stability
analysis, etc, From a qualitative point of view it is not
currently believed that the additional 3-foot of soil loading
which would result from cap installation or surcharges from
small, light construction equipment would realistically change
the equilibrium of total driving to resisting forces which has
apparently established itself in the many years that the main
structure of the piles has existed and not failed (based on the
proportion of the pile sizes to future additional soil
loadings, and the decades over which the pile slopes have

i maintained themselves without apparent slope instability and no
reported slope instability problems encountered during the 1984

I emergency action); however, this needs to be confirmed by a
more detailed and specific geotechnical analysis during

*~\ remedial design, before the final cap ia attempted to be placed
(should this alternaitve be chosen for remedial action). Some
additional remedial measures including potential construction
of toe berms for lateral support, special procedures for "edge
work," addition of cover material (where space is available) to
reduce steepness of the slope and provide benches, or other
methods to increase the theoretical factors of safety and guard
against localized slope failures during remediation may be
required, The final determinations in this regard are beyond
the scope of this investigation,

For purposes of this RI/FS it is assumed that cap placement is
feasible, with proper future analysis, safeguards, and controls
in place. Projected costs for these is yet undefined
components of the remedial action program have been estimated
as present later in this subsection.
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Caps similar to that discussed in the description of this .-
alternative have been proposed at other sites for asbestos
remediation, In June 1987, the EPA issued a Record of Decision
(ROD) for the Johns-Manville Superfund site in Illinois. Waste
materials primarily containing asbestos fibers- had been
deposited in a variety of pits. According to the ROD, these
pits were to be closed with a soil cap consisting of 6 inches
sand, 18 inches clay, and 6 inches topsoil to be graded and
vegetated,

The EPA has also taken a similar approach at a number of
Superfund sites in Nashua, New Hampshire, and surrounding
vicinity, Thirty-inch covers were installed at the Shady Lane,
Pointer, Bursey, Matarazzo, Ridge Avenue, Lowell Road, Niquette
Drive, Russell Avenue, and South Bank asbestos sites. The
covers were applied to the U.S. Army Corps of Engineers ,
specification which included an application of geotextile
fabric if slopes were encountered, then bank-run gravel, then /-•>
pea gravel (if the bank-run gravel was too coarse), then "~^
topsoil, Erosion control devices such as concrete runoff pans,
drainage ditches lined with bank-run or larger stone and I
vegetation acclimated to the are also were installed. If
slopes were steep, gabion walls were erected to prevent
sloughing of cover materials applied. The State of New
Hamsphire cover specifications differed in the depth of the i
cover; a 24-inch cover was deemed acceptable to the State. The
30-inch cover applied by the Corps of Engineers on the past
actions might be increased to a 36-inch cover, so it is evident
that thera is some difference of opinion regarding the proper
depth of tha cover, As a point of reference, the Corps of
Engineers unofficially designated a 50-year life expectancy on
the 30-inch cover when the cover is applied over surface-
exposed asbestos. The National Emission Standards for Haz-
ardous Air Pollutants (NESHAP) requirements include a six-inch
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cover with vegetation as provision of adequate protection to
public health and the environment. This thickness was designed
to ensure that the frost layer does not enter the waste
materials more than 10 times per century.

By providing 3 feet of soil for this site, the amount of times
that the frost layer reaches the waste materials in minimized.
Therefore, the effects of freeze/thaw weathering are
addressed. The geotextile fabric also serves to reduce
freeze/thaw weathering effects by adding to the stability of
the piles and cap system.

The sides of the Ambler Asbestos Piles have a soil cover that
averages 12 to 18 inches thick. This material was placed as
part of the 1984 Emergency Action at this site. This cover
thickness meets NEEHAP requirements; however, it is not as
thick as the cap proposed for the top of the piles, This is
because it is anticipated that the flatter top of the piles
would be more susceptible to moisture and frost penetration.
Additional soil is not proposed to be placed on the side slopes
to attain a three-foot thickness as part of the alternative
because a well-established vegetative cover already has been
noted to exist on the great majority of the slopes on both
piles currently, and no adverse affects from freeze-thaw
effects have been apparent in the nearly four years since these
soils have been in place.

Remedial action repair of the exposed side slope areas under
this alternative would include placement of cut-to-fit and
staked-in-place sections of geotextile fabric soil fill of
comparable thickness to the existing cover on the side slopes
(low-erosion soil), and topooil; covered with erosion control
netting, and hydroseeding to establish vegetation (most likely
crown-vetch, since it has already proved successful to date at
this site).
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In general, the crests would be graded with fill prior to cap ^ '
placement as to achieve a center-line crown and drain to the
edges of the tops of slopes where drainage channels and
corrugated metal flumes, combined with rip-rap would carry
flows to the toes of the slopes and off-site through/or
adjacent to the existing lagoon area. In this way, concen-
trated flows would be managed more effectively than by allowing
the runoff to flow over the side slopes in a random manner
(which would increase long-term erosion potential), A result
of this action would be that the center of the pile tops would
actually have more than a minimum three feet of soil cap.

For the lagoon and settling basin remediation, sediments would
have to be scraped or excavated from the sidewalls and depos- |
ited toward the center of the depression. This action is
performed so that asbestos-containing materials do not remain I
near ground surface. The geotextile fabric placed over the
sediments would prohibit upward migration of asbestos fibers ^ >
and dispersion into the air before backfilling, The additional
clean compacted soil backfill would also prohibit migration.
Thia soil may be as thick aa 10 to 15 feet in order to bring '
the lagoon area back up to original grade as to promote
positive drainage, <

As previously noted, the water from the lagoon and settling
basins must be treated prior to discharge on-site. This
treatment would consist of flocculation with the addition of
lime, sedimentation, and passage through a sand filter. If
needed, the water could also be sent through a microfilter.

Duat control and worker occupational aafaty meaaurea (against
potential aabeatos and physical hazards) are required during
remedial activities aa part of this alternative, however, to a
leaser degree than with alternativea involving substantial
intrusion into the piles. ' i
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Overall, this alternative appears to be the most technically
feasible option to prevent future release of asbestos from the
site, as well as minimizing potential for direct contact and
inhalation exposures to asbestos during remediation.

9,6.2.2 Institutional Considerations

Several institutional considerations are associated with the
on-site closure alternative. In some cases, permits may not be
required according to the SARA guidelines for on-site remedial
technologies. However, all of the processes associated with
cap installation and water treatment must comply with all
applicable requirements and regulatory agency approvals, as
detailed below:

• An Erosion and Sedimentation Control Permit from the
PADER Bureau of Water Quality Management and/or the
USDA Soil Conservation Service is not required Cor
sites under 25 acres in size. However, the Montgomery

_j County Conservation District, and in general, local
ordnances required that a soil erosion control plan be
written and implemented for construction activities,
This plan must be available for review on-site,

• A Flood Plain/Stream Encroachment Permit is required
by the PADER Bureau of Dams and Waterways for

! construction or alteration of permanent fill/
' structures along or in the channel or floodway of any

stream. This regulation is directly applicable to the
installation of gabions along the Locust Street Pile,

• A Discharge Permit from the PADER Division of Water
Quality Management must be applied for and the
expected pollutant levels identified if the potential
exists for asbestos to be present in any discharge to
surface water.

• The OSHA standard of 0.2 fibers/cc for asbestos would
be used as a guideline for determining appropriate
safety practices. It is anticipated that during
intrusive activities into the asbestos-containing
material, Level C protection equipment will, as
defined by U.S. EPA Interim Standard Operating Safety
Guidance (January, 1983), be used.
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• Air sampling during construction activities that
include disturbance of the fibrous material would be O)
required under OSHA to monitor occupational exposure. '

• cap Design ARARp - A multilayered cap generally
conforms to the RCRA technology guidelines, which
recommend a three-layered system consisting of an
upper vegetative layer, underlain by a drainage layer
over a low permeability layer. The cap functions by
diverting infiltrating liquids from the vegetative
layer through the drainage layer and away from the
underlying waste materials. The primary function of a
RCRA cap is to control infiltration and leachate from
the waste material that may contaminate underlying
groundwater. A multilayered cap is typically used for
hazardous waste site closures, which this site is not
(based on the RI data collected),

Several papers have been written on the subject of the
migration potential of asbestos particles. These include the
previously cited paper in hazardous Waate News (Vol. 6 No, 30)
and a U.S. EPA paper entitled "U.S. EPA Enforcement Approach to J
Asbestos Site Cleanup", presented during the Sixth National
Conference on Management of Hazardous Waste Sites, in November .s-\ ,
1985. The U.S, EPA paper states, "There is no evidence to date
of significant subsurface downward or lateral migration (of
asbestos particles) in soils." The U.S. EPA also states in '
this article, "There is no documentation of groundwater
transport of asbestos particles." Based on field observation
and documented evidence, it can be concluded that precipitation
infiltration to the asbestos-containing material and down to
the subgrade soil does not appear to be a concern at this site.

The design of the cap, therefore, need not be in accordance
with RCRA regulations because, in the case of an asbestos
closure, the cap serves a more limited purpose than for a
hazardous waste. Tha purpose of a multilayered cap on an
asbestos aite is to prevent re-emergence of the waste on the
surface of the sita through the processes of, wind and water
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erosion, freeze/thaw cycles, site use, etc. In addition, it is
desirable to maintain some moisture content in the fibrous
material to control airborne releases of asbestos in the event

, of localized re-exposure, Therefore, it is applicable to use
innovative cap designs at this site consisting of permeable and
semipermeable materials.

As previously noted, the U.S, EPA has also taken this design
approach at the South Bank, New Hampshire, and the Johns-
Manville, Illinois, Superfund sites.

Based on the foregoing discussion, a cap composed of low-
erosion soils and a heavy-duty geotextile appears to provide an
environmentally sound containment system for the waste piles,
lagoon, and aettling basins. Based on an average maximum frost

, depth of less than three feet, a minimum environmentally sound
cap design would consist of 2.5 feet of low-erosion soils

.̂ placed under controlled-lift construction and 0.5 feet of
'-/ fortified topaoil; able to establish and maintain a suitable

vegetative cover. The geotextile underlying the three-foot
1 cover would provide added tensile strength in case of

settlement and provide an additional barrier between the
fibrous material and the ground surface.

This cap design will also meet the minimum NESHAP requirements
for a 6-inch soil cover over asbestos-contaminated wastes.

Pennsylvania Municipal Waste Regulations state that the final
slopes of a landfill cover may not exceed a grade of 33 percent
(25 PA 275.234). The side slopes of the Ambler Asbestos Piles
exceed this 33 percent grade requirement in most locations.
Alternative 4 does not provide for modification of the slopes,
therefore, this ARAR will not be attained. ,
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Section 121(d)(4) of CERCLA/ SARA identifies six circumstances
under which certain ARARs may be waived, Two of the
permissable circumstances are listed below with an explanation
of how they may apply to the Ambler Asbestos Piles site and
Alternative 4 of this RI/FS:

Compliance with the ARAR will result in a greater risk
to human health and the environment than alternative
options, in order to achieve a side slope that does
not exceed a 33 percent grade for the waste piles,
extensive regrading would be required if the toes of
the piles were to remain in their present position.
This would mean cutting into the asbestos wastes and
exposing the asbestos calcium/magnesium carbonate
contaminants below, Such action would pose a serious '
risk to human health and the environment because
asbestos fibers would likely become airborne from the [
disruption. The calcium/magnesium carbonate compounds I
would also have to be stabilized so that they could
support a cover system. Constructability would be a •
major concern. Some of the side slopes could be I
flattened to close to 33 percent by holding the top of
slope constant and placing a soil wedge (thereby
expanding the "footprint" of the piles at the bottom > i \
ot the slopes). An estimated 500,000 cubic yards of '
soil fill would be required to accomplish thia on all
sides of both slopes. Thia could not be done around i
all pile sides, however, without encroaching on !
existing structures, the Wissahickon Creek, a portion
of Locust Street, the Sewer Authority collection
system, and potentially the railway tracks (depending
on whether intermediate "benched terraces" were
provided) .
The ARAR is a atata requirement that the state has not
consistently applied (or demonstrated the intent: to
apply consistently^ in similar eircumataneea. Upstream
of the Locust Street pile there are additional
asbestos waste piles with which the state has been
involved, The side slopes of these piles do not
currently attain the 33 percent grade requirement,
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O 9,6,2.3 public Health and Environmental Issues

It appears that Alternative 4 can address the remedial
objectives, site environmental issues, and contaminant
migration pathways identified in this RI/FS. Capping the
piles, backfilling the lagoon, and backfilling the settling
basins can minimize, to the greatest degree realistically
feasible, the threat to the environment and public health from
the contained asbestos fibers as long as the final caps are
maintained (minimal future effort envisioned). The following
public health and environmental issues are associated with the
On-Site Closure Alternative:

• Under this alternative, the asbestos-contaminated
material at the Ambler Asbestos Piles aite would be
covered with a geotextile and soil (waste piles,
lagoon, and settling basins), This action can be
expected to result in significant long-term reduction
of potential public health risks and environmental
impacts resulting from direct contact and migration of
asbestos fibers via sediment, surface water, and air
transport mechanisms, while minimizing major risks to
construction workers that are likely with other
alternatives.

• Proper grading, installation, and post-closure
inspection can allow the cover to remain as an
adequate barrier between fibrous material and the
ground surface. A soil thickness of three feet on the
tops of the piles appears to provide sufficient frost
protection for the cap and waste materials,

• A low possibility exists for short-term public health
risks due to the limited disturbance of the asbestos
materials that would occur during cap placement or
during backfilling the lagoon and settling basins.
However, limited airborne release of asbestos fibers
to some degree may result from such actions. The risk
to public health would be minimized by implementing an
air monitoring program during on-site activities and
by using erosion and dust control measures.
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• Some health risks to on-site workers could possibly
occur as a result of operations on the piles that can /-,
disturb the asbestos fibers. These risks would be ?
minimized by requiring Level C protection during
tree/shrub clearance work, drainage improvements/
earthmoving activities, and lagoon draining until the
geotextiles are installed over the exposed asbestos
areas.

• Long-term maintenance and periodic inspections of the
site to provide cap integrity and effective site
security would need be established, A contingency
plan would also need to be developed in the event that
catastrophic cap failure occurs, thereby posing a
threat to public health and the environment (indicated
via the geotechnical analysis as an unlikely event as
long as no major changes in external loadings are or
internal pile conditions occur,

• Future land use in the lagoon and waste pile area must
ba restricted to surficial activities and then, only '

. by authorized personnel, *
9.6.3 COST ANALYSIS I

The capital coat of Alternative 4 is estimated at $5,135,000, ,
as presented in Table 9-8. Operating and maintenance costs, '•—'I
including post-treatment monitoring and maintenance, are
provided in Table 9-9. Since the asbestos is left essentially (
in place in a secure environment, coats have been allocated for
air and aurface watar monitoring activities for a period of i
five years after initial remedial actions, Long-term visual
inspections and maintenance would continue for a total period
of 30 years, Tha monitoring would serve to ensure cap
integrity and to detect any aabestos migration from the
contained areaa. Under SARA, an evaluation of the remedial
action undertaken at each NPL site is required to confirm or
disconfirm effectiveness of the actions to that date.
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Table 9-8

0
Estimated Capital Costs for Alternative 4t

On-Bite Cloiure

Unit Total
Coit Coit

Item Description Quantity ($) (f)

1. Sit* preparation (roads, Lump sum — 25,000
storage areas, etc,)

2. Hater treatment unit (include* Lump sum — 240,000
2,000,000 gal flocculation,
sedimentation, filtration)

3, Treatability itudy for *urfac* Lump sum Lump lum 50,000
water remediation

4, Surface water div*r*ion 6,500 10/lln ft 65,000
ditch**

5, Ero*ion/**dim*ntation control
*y*t*m

• Silt fences, rip rap,
flume*, *tc. Lump sum — 100,000

• Sedimentation basin(s) 2 250,000

6, Grading of pil** to create 8,000 cu yd* 15/cu yd* 120,000
crown for positive drainage
(include* soil purcban)

7. OeotMtil* (Installed)

• Locust Street pile 227,000 sg ft 0, IB/so, ft 40,900
• Flint pil* 210,000 eg ft 0.18/iq ft 37,800
• Lagoon and settling basins 50,000 sg ft 0.25/iq ft 12,500

8, Backfill for lagoon and 17,500 cu yds 15/cu yd 262,500
Mttling buina (low p*rm*a-
bility ioili with high
comptctiv* effort); grid* for
positlv* drainage
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Tabl* 9-8
(continued)

Item

9.

10.

U.

Description

Soil cover (ln«tall*d)

• Low-*ro*ion soils (30 in)

- Locuit Street pile
- Plant pil*

• Topsoil (6 in)

- Locuit Strut pil*
- Plant pil*
> Ligoon and Mttling buin*

• HydroiMd

- Locuit Strict pil*
- Plint pil*
- L*goon and settling b**in*

Repair eroeion on pil* eide
•lop**

• Low-Koiion loll*

• Topioil

• Eroiion-control netting
(including installation)

Tree/shrub remove! (include*
impregnated geoteitile
treatment)

Quantity

21,000 cu yd*
18,300 cu yd*

4,000 cu yd*
3,700 cu yd*
1,000 cu yd*

25,000 if yd
23,000 19. yd
5,500 iq yd

2,750 CU yd*

1,200 cu yd*

10,000 sg yd

Lump *w

Unit Total
Coit Coit
(f) (1)

15.00/cu ydi 315,000
15.00/cu yd* 274,500

17.50/cu yd* 70,000
17.50/cu yd* 04,750
17.50/cu yd* 26,250

1.00/iq yd 25,000
1.00/if yd 23,000
1.00/ig yd 5,500

35/cu yds 96,250

35/cu ydi 42,000

5.00/ig yd 50,000

180,000
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T*bl* 9-8
'[ j . (continued)

Unit Total
Coit Coit

Item Description Quantity (I) (t)

12. Gabion* for Locuit Street
pile (Installed) Lump sum 200,000

13. Side slope Buttresses/
Reinforcement* Lump sum 250,000

14. Fences (installed)
8 feet tall with barbed
wire 6,000 lin ft 15.00/ft 90,000

IS. Naming eigni 60 100 ea 6,000

16. Gate* with lock* 4 1,000 4,000

17. Construct earthen berm
6 in. high) along Locus
Strut and hydroiccd Lump sum 20,000

"~N 6 in. high) along Locuit

18. Air *nd lurfaca water
monitoring during
remedial activitie*

• Libor, laboratory
analyse* and reporting Lump sum 200,000

19. H*alth and *af*ty equipment/
•ir monitoring equipment 200 day* ISO/day 30,000

20. Subtotal 3,175,950

21. Mobilisation/demobilisation,
conetruction management, lit*
•*rvic*l (22\) 698,700

eAiium** remedial design geotechnical analyci* work indicate* *lopes
•uintial itabl* in th* future with new loll cap and Conitruction loidi,
eicept local arc**.
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Tabl* 9-8
(continued) ()

Unit Total
Coat Coit

Item Description Quantity (I) (I)

22. Technology implementationi
designs, plan*, specifica-
tions, regulatory approvals,
insurance, bond*, penults
(25\) 794,000

23. Contingency (25\) 794,000

24. Total (rounded) 5,733,000
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10.0 ptlMMAKY AMD COMPARISON OP REMEDIAL ACTION ALTERNATIVES

10.1 APPROACH

A comparison of remedial alternatives has been made utilizing
the following criteria;

• Costs: Estimated present worth costs for each
remedial action alternative and each technology within

. the alternative.
• Technical Considerations: The technical advantages

and disadvantages of each alternative considering
performance, reliability, implementability, and
safety, Also includes consideration of community
response.

• Public Health and Environmental Issues: The
qualitative and quantitative risks to the public

~ health and environment.
• Institutional Requirements: The extent to which

alternatives meet the technical requirements and
environmental standards of appropriate environmental
regulations.

A summary of the comparison of remedial action alternatives is
presented in Table 10-1.

Some of the remedial action alternatives show common
subtreatment schemes within the major alternative,

, Alternatives 2, 3, and 4 (Off-Site Disposal, On-Site
Vitrification and Solidification/Stabilization, and On-Site
Closure) include on-site treatment of the lagoon surface
water. The water treatment system for these alternatives will
consist of proven and accepted technologies; the optimal/most
effective components of the system (auch as type of floccula-
tion agent, filter media, etc,) need to be determined from
laboratory or pilot-scale studies prior to final design.
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Alternatives 2 and 3 involve excavation/removal, which is a
proven technology for conventional applications but may be
difficult to implement at this site (refer to Table 10-1).

In comparing technical considerations, No Action (Alternative
1), On-Site Closure (Alternative 4), and Off-Site Disposal
(Alternative 2) are all proven technologies. However, for
Alternative 2, the large volume of materials to be disposed of
off-site may be prohibitive. The solidification/stabilization
component of Alternative 3 is a proven technology; however, the
vitrification component of Alternative 3 involves unknowns in
performance and costs due to the innovative nature of this
technology. Both technologies would require laboratory and/or
pilot-scale studies prior to implementation, In addition, ,
limited space at the site may prohibit on-site disposal of all '
treated materials. Off-site disposal may be required. ,—>

H
In comparing public health/environmental issues, the Mo Action
Alternative does not attain applicable public health and !
environmental standards. It is anticipated that the On-Site
Vitrification/Solidification Alternative may not attain >
applicable standards. The On-Site Closure Alternative is
expected to attain applicable standards and potentially meet
SARA goals of permanent reduction of contaminant mobility,
toxicity, or volume. Off-Site Disposal, Alternative 2, is
expected to exceed applicable public health and environmental
standards; however, the contaminants are not treated, but
rather moved to another location for disposal,

10-8
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In comparing some of the institutional considerations, public
opposition may be anticipated for No Action (Alternative 1),
On-Site Vitrification-Solidification/Stabilization (Alternative
3), or Off-Site Disposal (Alternative 2). This is due to the
fact that for Alternative 1, only the upgrade of site security
will be implemented to impede potential future exposures to

j contaminants. For Alternatives 2 and 3, public opposition may
be initially anticipated because the piles will be disturbed
substantially and over a long period of time resulting in
likely degradation of ambient air and surface water quality.
According to SARA guidelines, the use of Alternative 3 (On-Site
Vitrification-Solidification/Stabilization) may not be practi-
cable because of the large volume of materials, potentially
with low concentrations (such as the calcium/magnesium carbon-

1 ate materials), that could potentially be disposed of as solid
wastes; treatment of such waste could be difficult and costly

J to implement, Alternative 4, On-Site Closure, may result in
maximizing community approval potential because the piles will
not be disturbed, and further provisions will be made to
prevent direct contact with and migration of the asbestos,

Regarding ARARs, Alternative 4, On-Site Closure, appears to
meet most but not all. The proposed cover design is consistent
with other EPA and state agency designs that have been proposed
and/or approved. Provided below are two provisions of SARA that
allow waiver of certain ARARs:

' • Compliance with the ARAR is technically impracticable
1 from an engineering perspective. Due to the

constructability problems associated with intruding/
excavating into the piles and associated risks to

i human safety and health, Alternative 4 appears the
most technically practical of all the alternatives,
even though ARARs relating to reduction in toxicity
and volume, where possible, (via SARA) could be met to
a greater degree by other alternatives.

,0
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• An alternative remedial action will attain an equiva-
lent standard of performance throuoh use of another
method or approach, it appears that Alternative 4,
On-Site Closure, will attain an equivalent standard of
performance through installation of a cover cap on
each pile and repair of erosion effects on the side
slopes. This alternative would require some
maintenance of the piles to minimize the effects of
erosion, The maintenance will provide for cap
effectiveness and is the most technically viable means
to achieve an equivalent standard of performance when
compared to the addition of other alternatives.

Considering cost, the No Action Alternative (Alternative 1) is
the least expensive alternative. However, it does not include
treatment, removal, or immobilization of contaminated surface
water, sediments, or materials in the piles. It meets none of
the SARA objectives to reduce volume, mobility, or toxicity of
the waste, and does not meet the remedial action objectives. '

Alternatives 2 and 3 (Off-Site Disposal and On-Site Q,
Vitrification-Solidification/Stabilization) are extremely
costly to implement, with Alternative 3 being the most j
expensive of all four alternatives.

Alternative 4, On-Site Closure, presents a potential solution
to future exposures to contaminants at a much lower coat than
Alternatives 2 or 3, although as previously mentioned, some
long-term ARARs may be completely met,

However, CERCLA/SARA provides for the following allowances
regarding compliance and resultant costs:

• Por Section 104 Suparfund - Financed Remedial Actions.
compliance with the ARAB will not provide a balance
between protecting human health and tha environment.
and tha availability of Superfund money for raaponae
«t other facilities. Such is the case for the Ambler
Asbestos aite. It has already been stated that
Alternative 4 could potentially attain an equivalent

10-10
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standard of performance when compared to the other
alternatives evaluated (with proper inspection/
maintenance in the future), Alternative 4 will exceed
the equivalent standard of performance when compared
to major excavation and removal or treatment because
it does not involve disturbance of asbestos fibers or
exposure of the calcium/magnesium carbonate com-
pounds .
The choice of either Alternative 2 or 3, from a cost
feasibility point of view, does not appear to provide
a balance between protecting human health and the
environment, and the availability of Superfund money
for response at other facilities, Alternative 4,
On-Site Closure, may provide a greater balance,

^ 10-11
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WjgljĴ P̂ Ŝ  DESCRIPTION 'SOIL CLASSIFICATION
^̂ #*̂  (COLOR, TEXTURE, STRUCTURES)

6-5

7-6

S-8
lo-k
H
l-ijl,

»
*V

** K iO-*T LOUJ T̂ fVS-tnrjU/ Si 1* OrtJ CI/H /n.jm—*n.l

•r-"z«" Sl**, /,-irf»Tt -Xrttlft̂ J M-RtYW-ĵ  fiil̂ r̂v̂  fe.r̂ ...- >•!
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Samollna Method. . , No Samples, -.... ——————
Casing Size and Type________ Screen Size——————Joint Type——— Pipe Length-
Type o! Pack————————————————— Type ol S«al—_———————————
Emplacement Method————————————— Emplacement Method-
Interval——!———————————————— Interval ——————

Development Melhod ————————————————————————. Gallons Removed———— |
Commenls ———————————————————————————————————————

I{ the page filmed in thit frame la not aa teadable ,ot legible aa,thia.~
label, It la due to aubatandatd colon on condition o{ the otlglnal page.



WELL LOG
Well No ?k
Client ,
Job No,. .
Drilling Method rtf̂ CS
Sampling Method

Drill eomn.ny'Bou>er-Wofr*r log By
Drill*. PlBMflMkMo

. DalRfegin .HlMl.S, Fnrt *(I«I»S Log
Km AOWtfl-j",

———————— No Samnles ———

Page l_o!_l_

ffnlfl flwl"*
-Rig —————— 1

Casing Size and Type—_—————— Screen Size______ Joint Type——— Pipe Length.
Type ol Pack————————————_—————Type ol Seal,———————————_
Emplacement Method————————————— Emplacement Method.
interval.—————————————————— Interval ______ r

Development Method ————————————————————————— Gallons Removed.
Comments ______'.————————————————————————————

D

1 01

05 is-n of

3-3

0-vt-'1
IZ-SH*

LOMe,

A-40 flfi3009L?0
I{ the page filmed in thit .frame it not at neadable,on legible at thit -
label, it it due to AubAtandand colon on condition o{ the otlglnal page.



[,
I.
[

WELL LOG
IM.lllr.Vt IP7

Cll.nl

JohNO,.. . , , „

•»-*\./-.K5-

Page_i_olJ_
Drill Company 1idWMr':!<Vltt*r' Log By -Mfti-

—— Driller Field Rook Un

Dale B«g«n -Unlfefc End N 1 n I aft ion n»u s 1 mi fe*
Drilling Mufhnrf tt«fiuS*CTr, Aowrr V XX o,.

Sampling Method ——— . ————————— No fiflmplio

Casing Size and Type———————— Screen Size—————— Joint Type——— Pipe Ler
Type ol Pack__________________ Type ol Seal.
Emplacement Method—————————————, Emplacement Melhod.
Interval_____________________ 'Interval, .

Development Method _________________________ Gallons Removed____
Comments————————————————————

A-41

I{ the page filmed In thia {tone la not aa teadable ,ot legible aa thia-••-"'.-
label, At Aa due to aubatandatd colot ot condition o{ the otlglnal page.



WELL LOG Pa|,e_v_ofJ_
Well NoMfiJZfl— Drill CompanyTssSE«!S3!Sl. Log By, mmv—————
Client ——————— Driller———————Field Book No-

ilMl6ft

.Rig-
Sampling Melhod——————————— No Samples——————————-
Casing Size and Type_________, Screen Size______ Joint Type——— Pipe Length,
Type ol Pack————————————————— Type ol Seal——————.
Emplacement Method————————————— Emplacement Method.
Interval—————————————————— Interval ——————

Development Melhod _________________________ Gallons Removed———
Comments.

I{ the page filmed In thia {tame la not aa teadable .ot legible aa thia
label, It la due to aubatandatd colon on condition o{; the original page.



__________WESTON

n̂
PROJECT
fflCILITV
ORICINDL
COOROINH

EHCRURTI
DRTE COM
LOCATION
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! '' APPENDIX B

SUMMARY OF NON-ASBESTOS ANALYTICAL DATA

B.I FILTER BED LAGOONS - SURFACE HATER,

B.I.I HSL METALS AND CYANIDE

Aluminum

'• Aluminum was detected in all the lagoon samples (i.e., 001-01,
I 002-03 and 002-04) at concentrations of 200 ug/1, 180 ug/1, and
I 110 ug/1, respectively.

I Barium

b Barium was not detected in the upstream lagoon sample but was
detected in the downstream sample and its duplicate (i.e., 002-03

r-: . and 002-04) at concentrations of 63 ug/1 and 59 ug/1,
LriWlEc; respectively.

I Calcium

Calcium was found in all the 3 lagoon surface water samplee
(i.e., 001-01, 002-03, and 002-04) at concentrations of 27,500

I ug/1, 43,200 ug/1 and 40,600 ug/1, respectively.

Copper

Copper was detected at an estimated concentration of 9 ug/1
(below the method detection limit) in the downstream lagoon
sample (i.e., 002-03) but not in its duplicate. The laboratory,
reported irregularities in calibration and could have an affect
on the copper analysis.

O
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Iron was found in all the 3 lagoon surface water samples (i.e., irj
001-01, 002-03, and 002-04) at concentrations of ISO ug/1, 210 M
ug/1 and 160 ug/1, respectively. .i

il
Magnesium

Magnesium was detected in the 3 lagoon surface water samples at
concentrations of 6,170 ug/1, 12,600 ug/1 and 11,700 ug/1. Since ffl
the lagoons received waste water in the past from manufacturing ••••
processes which used magnesia as a binder for asbestos products. —B

E|
Manganese

f!!'
IManganese was detected in two (2) surface water samples (i.e.,

001-01 and 002-04) at estimated concentrations of 4 ug/1 and 19 f̂f
ug/1, respectively, which are below the specified detection *••—«
limit. Field duplicate results for manganese indicate poor p,
reproducibility at this low concentration. Also, irregularities ||
in the calibration affecting the analysis of manganese were

••M'
reported by the laboratory. I

GPotassium

Potassium was found at a concentration of 1,550 ug/1 in the
upstream lagoon sanple (i.e., 001-01).

Silver

Both upstream and downstream lagoon samples (001-01 and
002-03,04) contained silver at a concentration of 9 ug/1.

y
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Sodium

Sodium was detected in all the lagoon samples (001-01, 002-03 and
002-04) at concentrations of 31,BOO ug/1, 45,100 ug/1 and 42,400
ug/1, respectively.

Zinc

Zinc was found in all the lagoon surface water samples (001-01,
002-03 and 002-04) at concentrations of 360 ug/1, 340 ug/1 and
290 ug/1, respectively, and the field blank (001-02) at a
concentration of 44 ug/1.

Cvanide

Cyanide was not detected in any of the lagoon samples.

B.I.2 VOLATILE COMPOUNDS (LAGOONS)

Hethylene Chloride

Methylene chloride was detected in lagoon surface water sample
002-04 at a concentration of 5 ug/1. However, methylene chloride
was found at concentrations in the field blank of 35,000 ug/1,
and in the trip blank at 4,400 ug/1. These concentrations are
above the sample concentration which is therefore below the
reportable level under EPA-CLP protocols.

Toluene

Toluene was detected in the upstream and downstream duplicate
lagoon 'samples at concentrations of 2 ug/1 and 3 ug/1,
respectively. These concentrations are below the specified
detection limit.

r B-3
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B.2 SPILL EVENT-SlTRFAqE WATER SAMPLES

B.2.1 VOLATILE ORGANICS (SPILL EVENT) '

Methylene Chloride i
I

Methylene chloride was found at concentrations (4 ug/1 to 29
ug/1) below the reportable levels in the five (5) surface water j
samples. These concentrations are below the reportable levels
since the highest concentration of methylene chloride (1,400 |
ug/1) was found in the trip blank. The presence of methylene
chloride is most probably attributable to laboratory
contamination.

Acetone |

Acetone was detected in two samples (i.e., 005-04 and 003-01) at (̂
concentrations (60 ug/1 and 33 ug/1, respectively), below the
reportable level using EPA-CLP reporting protocols. Acetone was. :;p
detected in the trip blank at a concentration of 48 ug/1. The '
presence of acetone is attributable to laboratory contamination.

l.l.l-trichloroethane

1,1,1-trichloroethane was detected at a concentration of 2 ug/1
in tha trip blank. No 1,1,1-trichloroethane was detected in any
of the field samples.

Vinvl Acetate

Vinyl acetate was detected in the trip blank and S field samples
at a concentration of 10 ug/1. The concentrations detected in
the surface water sample are below the reportable limits. The
presence of vinyl acetate is attributable to laboratory . .„
contamination. *,A

MJ j
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Benzene

3
a

i
mJ

Benzene was detected in samples SWL-005-04 (drainageway) and
SHL-003-01 (lagoon) at concentrations of 9 ug/1 and 1 ug/1,
respectively.

2-ChloroethvlvinYlether

2-chloroethylvinylether was detected in the trip blank and 5
samples at a concentration of 10 ug/1. Since the same
concentration was detected in the trip blank as in each of the
field samples, contanination is due to laboratory contamination.
The levels detected in the samples are below the reportable
limits using EPA-CLP protocols.

2-Hexanone was detected in the trip blank and 5 field samples at
concentrations of 10 ug/1. Concentrations in the samples are
therefore below reportable limits. Contamination is due to
laboratory contamination.

B.2.2 FLOATING SOLIDS SAMPLES (SPILL EVENT)

Hethvlene Chloride

I Methylene chloride was detected at a relatively high
concentration (i.e., 3,700 ug/1) in the solid sample. However,

J methylene chloride was also present in the method blank.

I Acetone

I Acetone was detected at a concentration of 6,000 ug/1 in the
"j solid sample. However, acetone was also present in the method

«,nt| blank.
5J3 . '
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0Ethvl Benzene

Ethyl benzene was detected at a concentration of 3,100 ug/1 in |
the solid sample. However, ethyl benzene was also present in the |
method blank.

Total Xylenes

Total xylenes were detected at a concentration of 3,900 ug/1 in '
the solid sample. However, total xylenes were also present in .....
the method blank. jiij

B.2.3 SEMI-VOLATILE COMPOUNDS (SPILL EVENT) j

g
Benzole Acid

The quality control review indicates that benzoic acid may or may
not be present in five (5) surface-water samples at a
concentration of 10 ug/1 each. This is because benzoic acid
showed low average response factor in initial calibration. .|||
Resampling and reanalysis would be necessary for verification.
Therefore, the data for benzoic acid were flagged as R, which iii
indicates that the data are unusable. ;-'•'

-if..:
2-Hethylnaphthalene '*;'

2-methylnaphthalene was detected only in one of the surface watar
samples taken just below the boons (i.e., 005-04) at a
concentration of 43 ug/1. However, there was a fair amount of I
styrofoam in the samples. Therefore, the positive result in the •••'
duplicate sample was simply flagged as "estimated below detection i
limit" (J). J

B-6
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Acenaphthene

Acenaphthene was found in only one water sample (i.e., 005-04)
taken just below the booms in the drainageway. It was below the
detection limit at 2 ug/1. Since there was a fair amount of
styrofoam in the samples, the positive result in the duplicate
sample was flagged as "estimated."

2 . 4-Dinitrophanol

2,4-dinitrophenol was found in the five (5) surface water
samples, taken in the lagoon and drainageway above and below the
containment booms, at an estimated concentration of 50 ug/1 each.

Pluorene

Fluorene was found at an estimated concentration of 3 ug/1 below
the detection limit in the sample taken just below the
containment booms (i.e., 005-04).

4 . 6-dlnitro-2-mathylphenol

4-, 6-dinitro-2-methylphenol was found in all five of the surface
water samples at an estimated concentration of 50 ug/1 each (at
the detection limit) .

Phenanthrenq

Phenanthrene was detected only in the sample located just below
the containment booms (i.e., 005-04) at a concentration of 3
ug/1.

O
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Di-n-butlphthalate

E
E

Di-n-butylphthalate was found in four (4) of the surface water _.
samples (i.e., 003-01, 005-04, 006-05 and 008-07) below the | |
detection limit at estimated concentrations of 1 ug/1, 2 ug/1, 4
ug/1 and 2 ug/1,. respectively. The concentrations of M
di-n-butylphthalate were at comparable levels in the method
blank. Therefore, the presence of di-n-butylphthalate in the I '
surface water samples may be attributed to laboratory ••• I
contamination. "

Indeno fl.2.3-cdl Pvrene

ElIndeno (1,2,3-cd) Pyrene was found at an estimated concentration
of 10 ug/1 (detection limit) in all five of. the surface water I
samples. *;i

Pill
Dibanz fa. hi anthracene ' Q") j|l

Dibenz (a,h) anthracene was found in all five of the surface
water samples at an estimated concentration of 10 ug/1 (the
detection limit) .

B,3 WISSAHICKON CREEK AND SITE SURFACE HATER

B.3.1 HSL METALS AND CYANIDE (SITE SURFACE HATER)

Aluminum

Aluminum was detected in all of the seven (7) site surface water
samples at concentrations ranging from 98 ug/1 to 27,800 ug/1.

B-8
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Barium

Barium was found in 6 of the surface water samples (i.e., 002-02,
003-03, 003-04, 004-05, 005-06 and 006-07) at concentrations
ranging from 65 ug/1 to 360 ug/1. Barium was not detected in
surface water sample 001-01 locatad in the ponded water near the
Plant Pile. The highest concentration (i.e., 360 ug/1) was
detected in sample 004-05 located in the ponded water in the
flood plain south of the Locust street Pile.

'•"•• Beryllium

| Beryllium was found at an estimated concentration of 2.2 ug/1
(below detection limit) in only one standing water sample (i.e.,

I 004-05) taken from the north-western end of the service road
adjacent to the Locust street Pile. Due to irregularities

P, associated with the calibration (reported by laboratory)
{~̂  affecting the analysis of beryllium, the presence of beryllium in
(:,,, this sample may be questionable.

Cadmium

Cadmium was detected in only one sample (i.e., 004-05) located in
[4 the flood plain south of the Locust street Pile at a
'' concentration of 8.6 ug/1.

Calcium

Calcium was detected in all of the site surface water samples at
concentrations ranging from 27,500 ug/1 to 118,000 ug/1. The
highest concentration of calcium (i.e., 118,000 ug/1) was found
in the surface water sample (006-07) taken at the discharge from
storm sewer on the Locust Street Pile.

i
O

B-9

in PiA i***,1 u '"•* " *««*«*-!»_•« legible, a a . adue to aubatandatd colot ot condition o{ the otlglnal page.



(I
ll

Chromium v-t

only one sample (i.e., 004-05) located in the flood plain p
adjacent to the Locust street Pile contained chromium at a I
concentration of 38 ug/1. p..

cobalt

Only one surface water sample (i.e., 004-05) contained cobalt at
a concentration of 25 ug/1. This sample was located in the flood l
plain adjacent to the Locust Street Pile. •

Copper , |:

Copper was detected at low concentrations in three surface water I
samples (i.e., 002-02, 004-05 and 006-07) at concentrations of 24
ug/1, 73 ug/1 and 13 ug/1. _J

Iron was found in all seven (7) of the site surface water sample
locations at concentrations ranging from 120 ug/1 to 42,BOO ug/1. I
The lowest concentration (120 ug/1) was found in the surface
water sample 005-06 taken from the upstream drainageway. The ('
highest concentration was found in the ponded water located in '-1-
the flood plain adjacent to the Locust Street Pile. .,„.

Lead

Lead was detected in 4 samples (i.e., 002-02, 003-03, 004-05 and
006-07) at concentrations of 20 ug/1, 10 ug/1, 120 ug/1 and 38
ug/1, respectively. The laboratory analysis of lead was affected
by irregularities in the calibration of the graphite furnace. ,
The results of duplicate analyses for lead showed poor
reproducibility. As a result, the presence and reported r*j

B-10
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o1 " concentrations of lead seem to be questionable due to the
laboratory reported calibration irregularities.

Magnesium

Magnesium was detected at concentrations ranging from 20,300 ug/1
to 147,000 ug/1 in all the surface water samples. The presence
of magnesium is likely associated with the magnesium containing
process wastes disposed of in piles.

Manganese

I. Manganese was found in all samples at concentrations ranging from
21 ug/1 to 1,470 ug/1. The surface water sample (i.e., 003-04)
located at the discharge from storm sewer on the Locust Street
Pile contained the highest manganese concentration.

b Mercury

I Mercury was found only in 1 sample (i.e., 003-03) at a
-concentration of 0.3 ug/1. However, the corresponding field
duplicate sample (003-04) did not contain Mercury.

pickel

. Nickel was only detected in only one water sample (i.e., 004-05
I at a concentration of 42 ug/1) located near the Locust street

Pile.
i

potassium

Potassium was detected at concentrations ranging from 3,850 ug/1
to 30,900 ug/1 in six (6) surface water samples. The only sample

O
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which did not contain potassium was the sample from the
drainageway (i.e., 005-06).

Silver

ii
Silver was detected at a concentration of 9 ug/1 in all the 7 Fl
surface water samples.

Sodium, *''''
E'

ranging from 4,680 ug/1 to 39,800 ug/1.

Vanadium

Vanadium was detected only in one sample (i.e., 004-05) at a
concentration of 58 ug/1. Thia water sample was taken from a
stagnant water pool in the flood plain near the Locust Street v!y
Pile. ,

Zinc

Zinc was found in all the samples at concentrations ranging from ' '
46 ug/1 to 240 ug/1. i l

Cyanide

Cyanide was not detected in any of the surface water samples
located around the site; therefore, cyanide is not indicated to I
be of concern in the site surface water. '

O
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i•oi'i B.4 SEDIMENTS
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B.4.1 EP TOXICITY METALS (SEDIMENTS)

Arsenic

Arsenic was detected at concentrations in the leachates ranging
from 0.8 ug/1 to 3.6 ug/1 in all the eight sediment samples.
Arsenic was not found in tha field blank sample (i.e., 003-9).
The levels detected are below the EP Toxicity limit of 5000 ug/1.

Barium

All the sediment leachate samples contained Barium at
concentrations ranging from 20 ug/1 to 335 ug/1. Barium was not
detected in the field blank sample. However, detected
concentrations are lower than the EP Toxicity limit of 100,000
ug/1 for hazardous waste criteria.

Cadmium

Cadmium concentrations ranging from 1.2 ug/1 to 3.6 ug/1 were
detected in all the leachate samples except the field blank.
These concentrations are below the EP Toxicity limit of 1000
ug/1.

Chromium

Chromium was found at estimated concentrations ranging from 3.3
ug/1 to 200 ug/1 in all the samples including the field blank
(i.e., 003-09), The concentration of chromium in the field blank
was 12 ug/1. The leachate concentrations were well below the EP
toxicity limit of 5,000 ug/1.
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Lead was detected in the leachate samples at concentration
ranging from 21.5 ug/1 to 179 ug/1 in all the sediment samples.
The field blank contained lead at a very low concentration of
0.08 ug/1. These levels are well below the EP Toxicity limit of f
5000 ug/1.

Selenium

'F-Selenium was found in all the sediment leachate samples. The Mil
concentrations ranged from l.i ug/1 to 2.9 ug/1. The field blank
did not contain selenium. These concentrations are much lower ||
than the EP Toxicity limit of 1,000 ug/1 for selenium.

Silver was detected in two sediment leachate samples (i.e.,
001-01 and 002-02) at concentrations of 10 ug/1 and 5.7 ug/1.
These samples were taken from the upstream and downstream (̂
lagoons. These concentrations are below the EP Toxicity limit of
5000 ug/1 for silver. I

B.4.2 HSL METALS AND CYANIDE (SEDIMENTS) P

Aluminum

Aluminum was found in all the eight sediment samples at
concentrations ranging from 1930 mg/kg to 15300 mg/kg. These I
concentrations are lower than the background soil concentration
of 33,000 ug/kg for the Eastern United States as reported by the |
U.S. Geological Survey. Aluminum was not detected in the field I
blank. The highest concentration of aluminum was found in the ,
sediment sample (i.e., 002-02) located in the downstream filter

O
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1") bed lagoon. The downstream creek sediment sample contained
Aluminum at a concentration lower than the upstream creek
sediment sample.

Antimony

Antimony was detected at concentrations ranging from 13 mg/kg to
34 mg/kg in all the sediment samples except in the field blank.
The downstream lagoon sediment sample contained the highest
concentration (34 mg/kg) of antimony. These concentrations are

• above the USGS background soil concentration of 0.52 mg/kg.

! Beryllium

fj
Beryllium was detected in three (3) sediment samples (i.e.,
002-02, 003-03 and 006-07) at estimated concentrations 1.5 mg/kg,
0.53 mg/kg and 0.56 mg/kg located at the downstream filterbed
lagoon, downstream drainage way and upstream creek. USGS has
reported a background soil concentration of 0,55 mg/kg for
beryllium. Beryllium was not detected,in the sediment sample
taken at the confluence of the drainageway and Wissahickon Creek.

Calcium

Calcium was found in all the sediment samples at concentrations
ranging from 2240 mg/kg to 177000 mg/kg. The background soil
concentration as reported by USGS for calcium is 3,400 mg/kg.

Cobalt

Cobalt was detected at a concentration of 10 mg/kg in only one
sample (i.e., 006-07) located in the upstream creek.

o
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Copper v .J

II
Copper was found in all the sediment samples at concentrations
ranging from 7.1 ng/kg to 203 mg/kg. The uses reported
background soil concentration for copper is 13 mg/kg. The
downstream lagoon sediment sample contained the highest copper |J
concentration. The sediment sample located at the downstream
creek contained copper at concentrations lower than the upstream I
creek and the drainage way sediment samples.
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ECyanide

Cyanide was not detected in any of the sediment samples;
therefore, cyanide is not indicated to be of concern in the
sediments.

Iron

Iron was detected in all the sediment samples at concentrations
in the range of 4230 mg/kg to 15000 mg/kg. Iron was also found (r
in the field blank at a very low concentration of 117 ug/1. With
the exception of two sediment samples, the remaining sediment f
samples detected iron at concentrations lower than the background
soil concentration (USGS) of 14,000 mg/kg. r

Magnesium .

.Magnesium was found in all the sediment samples at concentrations
ranging from 1670 mg/kg to 40400 mg/kg. The background coil I
concentration (USGS) for magnesium is 2,100 mg/kg. Magneuium
concentration in the downstream drainageway sediment sample was I
greater than the upstream drainage way sediment sample. '



ID ManganeseI „„„„«_«

Manganese was detected at concentrations ranging from 103 mg/kg
to 1510 mg/kg in all the sediment samples. The highest
concentrations were found in the sediment samples located in the
downstream filter bed lagoon and the upstream creek.

nickel

Nickel was found at concentrations ranging from 12 mg/kg to 174
mg/kg in all the sediment samples. Nickel was detected at a

• concentration of 36 mg/kg in the field blank. The concentrations
I of Nickel in the upstream creek (i.e., 006-07) and the downstream

creek (i.e., 005-06) sediment samples were 29 mg/kg and 12 mg/kg,
I respectively.
w

f̂  Potassium

r Potassium was detected in all the sediment samples, except in the
HijjV
[f, upstream lagoon sediment sample, at concentrations ranging from

188 mg/kg to 1240 mg/kg. ' These concentrations are well below the
background soil concentration (USGS) of 12,000 mg/kg for
potassium.

Vanadium

Vanadium was detected at concentrations ranging from 9.5 mg/kg to
20 mg/kg in six (6) sediment samples. The highest concentration

: of 20 mg/kg was found in the sediment sample located at the
downstream lagoon. The downstream creek sediment sample

I contained vanadium at a concentration of 9.8 mg/kg whereas a
' concentration of 13 mg/kg was found in the upstream creek

sediment sample. All these concentrations are lower than the
background soil concentration (USGS) of 43 mg/kg for vanadium.

O
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Zinc

Zinc was found at concentration ranging from 34 mg/kg to 714
mg/kg in all the sediment samples. The field blank contained
zinc at a concentration of 76 mg/kg which is higher than the
concentrations of three (3) sediment samples. The concentrations
of zinc in the sediment samples located at the downstream lagoon,
upstream creek and downstream creek were 714 mg/kg 146 mg/kg and
65 mg/kg, respectively.

B.4.3 VOLATILE COMPOUNDS (SEDIMENTS)

Methvlena Chloride

Methylene chloride was detected in one field blank (i.e., 1,900
ug/1), one trip blank (i.e., 1,800 ug/1) and 9 field samples
ranging from 4.7 ug/kg to 2,391 ug/kg. It was also detected in
the laboratory blank. The presence of methylene chloride in the
field and trip blanks at a concentration of the same order of
magnitude as the most highly contaminated field samples suggests pi
that its presence in all samples is due to non-site related
contamination (i.e. cleaning procedures used to decontaminate »«
sample bottles) or laboratory contamination and that methylene I.,
chloride concentrations are below reportable levels according to
EPA-CLP protocols. I

Acetone I

Acetone was detected in 5 field samples however it was also
detected in the method blank. The concentration ranged from 15
ug/kg to 470 ug/kg. It is probable that contamination is due to
laboratory contamination.

O
B-18 i

Y.

AR300966 I
."......--.̂ --- - • - • • •;• '" ——— ' •--....---•--•- - • _-• • _;;;;•; •_;-;•.; ̂r;.- --

U the page filmed in thia {tame la not aa teadable ot legible aa tfc/î 1! ';
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Carbon Disulfide

Carbon disulfide was detected in one sediment sample at a
relatively low concentration (i.e. 15 ug/kg).

2- Butanone

2-Butanone was detected in one sediment sample SD-003-03 located
downstream of the lagoon in the drainageway at 82 ug/kg.

>••' B.4.4 SEMIVOLATILE COMPOUNDS (SEDIMENTS)

I Phenol

I Phenol was found in three sediment samples (i.e., 004-04, 004-05
and 006-07) at estimated concentrations of 64 ug/kg, 76 ug/kg and

r<; 56 ug/kg below detection limit. Phenol was not detected in the
'̂  sediment sample located at the downstream creek, whereas the
c- upstream creek sediment contained phenol at a concentration of 56
P ug/1.

I ;" Naphthalene

I Naphthalene was found below the detection limit in two sediment
' samples, one located at the downstream drainageway (i.e., 003-03)
i at an estimated concentration of 200 ug/kg and the other in the
I upstream creek sample (i.e., 006-07) at an estimated

concentration of 77 ug/kg. Naphthalene was not detected in the
lagoon and downstream creek sediment samples.

I 2-Hethvlnaphthalana

2-methylnaphthalene was found below the detection limit at an
estimated concentration of 74 ug/kg in only one sample (i.e.,

~j 006-07) located in the upstream creek.
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Acanaphthene vj-'j"'-

Acenaphthene was found below the detection limit in the upstream .
and downstream dr&inageway sediment sanples (i.e., 004-05 and | I
003-03) at concentrations of 140 ug/kg and 420 ug/kg, in the
upstream creek sediment sample (i.e., 006-07) at a concentration P
of 340 ug/kg and in the storm sewer discharge sample (i.e.,
007-08) at a concentration of 400 ug/kg. However, the surface l
water samples taken from the drainageway did not contain •
acenaphthene. __•

I I
Dibenzofuran

IIDibenzofuran was found below the detection limit in four sediment
samples (i.e., 003-03, 004-05, 006-07 and 007-08) at estimated • »:
concentrations of 380 ug/kg, 98 ug/kg, 240 ug/kg and 270 ug/kg. ii

HFFluorene \J,$

P"**
Fluorene was found below the detection limit at concentrations if
ranging from 78 ug/kg to 660 ug/kg in five sediment samples. ~
Fluorene was not found in the lagoon sediments and in the I
downstream creek sediment. '

N-nitrosodiphenvlamine •j

N-nitrosodiphenylamine was found below the detection limit in the f
downstream creek sediment sample (i.e., 005-06) at a
concentration of 75 ug/kg and in the storm sewer discharge I
sediment sample (i.e., 007-08) at a concentration of 270 ug/kg. '

o
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1 PentachlorophenolI ™.—~..—--..-.—

Pentachlorophenol was only found below the detection limit in one
sediment sample located at the downstream creek (i.e., 005-06) at
an estimated concentration of 540 ug/kg.

Phenanthrene

Phenanthrene was found at concentrations ranging from 260 ug/kg
to 8,300 ug/kg in seven sediment samples. The sediment sample
located at the downstream lagoon was the only sample that did not

I contain phenanthrene.

Anthracene

I Anthracene was detected at concentrations ranging from 150 ug/kg
5 to 3,700 ug/kg in six sediment samples. The highest

concentration (i.e., 3,700 ug/kg) was found in the upstream creek
«••• sediment sample (i.e., 006-07) 'whereas the sediment sample
tf; located at the downstream creek (i.e., 005-06) contained the

lowest concentration (150 ug/kg) of anthracene. Anthracene was
I not detected in both the lagoon sediment samples.

I Di-n-butvlphthalate

Di-n-butylphthalate was found below the detection limit in one
sediment sample (i.e., 003-03) at an estimated concentration of
210 ug/kg located at the downstream drainageway.

t
Fluoranthene

Fluoranthene was detected in all sediment samples except the
downstream lagoon sediment sample at concentrations ranging from
1,400 ug/kg to 1,100 ug/kg. The concentration of fluoranthene in

,"j the sediment sample located at the downstream creek (i.e.,
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005-06) at a concentration of 1,400 ug/kg was lower than that of (
the upstream creek sediment sample (i.e., 006-07) at a
concentration of 5,800 ug/kg. ...

Pyrene

Pyrene was detected at concentrations ranging from 370 ug/kg to
7,900 ug/kg in seven sediment samples. Between the upstream and
downstream creek sediment samples, a lower concentration of
pyrene was found in the sediment sample located at the downstream
creek (i.e., 005-06) at a concentration of 790 ug/kg.

Butvlbenzvlnhthalate

Butylbenzylphthalate was found below the detection limit in the
downstream drainageway sediment sample (i.e., 003-03 at a
concentration of 640 ug/kg and in the storm sewer sediment sample _*i
(i.e., 007-08) at a concentration of 410 ug/kg. O'M

Benzo-a-anthracene

Benzo-a-anthracene was detected in six sediment samples at
concentration ranging from 350 ug/kg to 4,000 ug/kg. ' Benzo-a-
anthracene was not found in the sediment samples located in the ».,, i
lagoon. The downstream creek sediment sample (i.e., 005-06) {,,„ |
contained benzo-a-anthracene at a concentration of 350 ug/kg
whereas a concentration of 2,400 ug/kg was detected in the I
upstream creek sediment sample.

Bis-2-ethylhexylphthalate '

Bis-2-ethylhexylphthalate was found below the detection limit at I
concentrations ranging from 90 ug/kg to 2,400 ug/kg in all
sediment samples. Concentrations of bis-2-ethylhexylphthalate
(i.e., 8'.2 ug/1) was also detected in the field blank.
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Chrysene

Chrysene was detected at concentrations ranging from 550 ug/kg to
5,400 ug/kg in all sediment samples with the exception of lagoon
sediment samples. The lowest concentrations of chrysene was
found in the sediment sample located at the downstream creek
(i.e., 005-06) at a concentration of 550 ug/kg.

Di-n-octvlphthalate

Di-n-octylphthalate was found below the detection limit in only
one sediment sample located at the downstream drainageway (i.e.,
003-03) at a concentration of 630 ug/kg.

Indano (1.2.3 cdl Pvrene

Indeno (1,2,3 cd) pyrene was found at concentrations ranging from
150 ug/kg to 2,400 ug/kg in all sediment samples except the
upstream and downstream lagoon sediment samples. The sediment
sample located at the downstream creek (i.e., 005-06) contained
the lowest concentration of Indeno (1,2,3 cd) pyrene (ISO ug/kg).

pibenz fa.hi Anthracene

Six sediment samples contained dibenz (a,h) anthracene at
estimated concentrations below the detection limit ranging from
69 ug/kg to 770 ug/kg.

Benzo(g.h.ilPerylene

Benzo(g,h,i)perylene was detected at concentrations ranging from
120 ug/kg to 2,000 ug/kg in all sediment samples with the
exception of lagoon sediment samples. The lowest concentration
(120 ug/kg) was found in the downstream creek sediment sample
(i.e., 005-06).
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B.4.5 PESTICIDES/PCBS (SEDIMENTS) I

4f4-DDE r[

4,4-DDE was found at an estimated concentration below the .
detection limit of 160 ug/kg in all the eight sediment samples. [ |
The field blank (i.e., 003-09) contained 4,4-DDE at a very low
concentration of 0.1 ug/kg. I

4.4-DDD r
•»«

4,4-DDD was found at an estimated concentration below the _,
detection limit of 160 ug/kg in all the sediment samples and at a M
concentration of 0.1 ug/kg in the field blank.

4.4-DDT

All the eight sediment samples contained 4,4-DDT at an estimated •̂1--
concentration below the detection limit of 160 ug/kg. 4,4-DDT ._
was also detected at a concentration of 0.1 ug/kg in the field fjf',
blank. r

EAroclor-1254 was found below the detection limit in only one
sediment sample (i.e., 005-06) at a concentration of 250 ug/kg ...
located downstream in the creek (i.e., merging point of (.,
drainageway into the creek). A concentration of l ug/kg was
found in the trip blank.

B.5 WASTE PILE BORIHGS I



b

B.5.1 EP TOXICITY METALS (BORING SAMPLES)

Arsenic

Arsenic was detected in nine of the 59 waste pile EP toxicity
leachate samples. Arsenic was found in 3 field blanks (i.e.,
soil boring B2, B6 and PI) at concentrations of 10 ug/1, 5 ug/1,
and 1.3 ug/1 and 1 decontamination water sample (i.e., 1.3 ug/1)
at low concentrations. Arsenic was also detected in 5 soil
boring leachate samples (i.e., B2, B5-02, B5-05, B8 and BIO).
The presence of arsenic may be associated with the cinders, ash
and slag deposited in the piles fron the coal fired boiler used
at the Keasbey and Mattison plant. The cinders and slag were '
used to construct the berms that contained the calcium carbonate
slurry waste. .

Three (3) of these five (5) soil borings represent samples taken
at an average depth of 2'-4' and the remaining two (2) soil

Ljjl borings correspond to samples at a depth of 30'-37'. One of the
(." soil borings (B2) was located in the Plant Pile and the remaining

four soil borings (B5-02, 05, B8 and BIO) were located in the
I Locust street Pile. Since only one sample from the plant pile

contained arsenic, it appears that the contaminant (arsenic) is
f not present throughout the Plant Pile.

Since the soil boring leachate sample (B2) contained arsenic at a
concentration greater than the field blank arsenic concentration,

, the presence of arsenic cannot be associated with the laboratory
| or field contamination. These concentrations are also below the

EP Toxicity limit of 5000 ug/1 for hazardous waste criteria.

In summary, only about 17% of the total samples collected at the
site indicate the presence of arsenic at levels well below the EP
Toxic Linit.
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Barium ',. j

Barium was found in three (3) field blanks (i.e., soil boring B2,
B6 and PI) at concentrations of 3.6 ug/1, 10 ug/1 and 4.3 ug/1 | |
and one (1) decontamination water sample (i.e., at 39 ug/1).
Barium was also detected in forty-five (45) soil boring EP PI
toxicity leachate samples at concentrations ranging from 200 ug/1 ' '
to 5060 ug/1.

Poor field duplicate results were observed for all the duplicates .
(B6, B2, B9, and B12). Although barium was detected at low [M
concentrations in the field blanks, it is not significant enough
to attribute to field contamination because four (4) relatively Fl
higher concentrations (about 2 orders of magnitude) were present '
in four (4) soil boring samples.

The highest concentration of barium observed was 5060 ug/1 for
soil boring B2. This is'lower than the E? toxicity limit of Q|
100,000 ug/1 for hazardous waste criteria.

In summary, barium was detected in the Plant Pile and the Locust
Street Pile Sites at levels below the EP Toxic limit. i

fiadaium ,,,.,,
li'l'. |

Cadmium was found at concentrations in three (3), field blanks
(i.e., soil boring B2, B6, and PI) of 4 ug/1, 4 ug/1 and j
3/5 ug/1, respectively, cadmium was also detected at a
concentration of 7.1 ug/1 in one (l) soil boring leachate sample
(i.e., BIO) located in the Locust street Pile.

Chromium I

Chromium was detected in three (3) field blanks (i.e., soil
boring B2, B6 and Pi) at concentrations of 10 ug/1, 10 ug/1 and ,-•-.
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' 9.8 ug/1 and one (i) decontamination water sample at 15 ug/1.
Chromium was also detected in two (2) soil boring EP toxicity
leachate samples, one in the Plant Pile (i.e., B4 at a
concentration of 40 ug/1) and one in the Locust Street Pile
(i.e., B5 at a concentration of ll ug/1). The chromium

p.. ' concentrations present in both the soil boring leachate samples
are about two (2) orders of magnitude lower than the EP Toxicity

[>:;' limit of 5000 ug/1 for hazardous waste criteria.

m LSfldH||.

,;,... Lead was found iri three (3) field blanks (soil boring B2, B6 and
II PI) at concentrations of 5ug/l, 1 ug/1 and 5 ug/1, and one (1)

decontamination water sample at 6.6 ug/1. Lead was also detected
||; in thirty-five (35) soil boring leachate samples at

concentrations ranging from 1.5 ug/1 (B12) to 794 ug/1 (BIO).
Field duplicate results for lead were found to be poor. Lead was
also present at significant levels (159 ug/1, 17 ug/1 and 10

rj.; ug/1) in the laboratory blank resulting in the strong possibility
!•!•; of false positive results. Therefore, its presence is probably

due to laboratory contamination. These concentrations are also
below the EP Toxicity limit of 5000 ug/1 for hazardous waste
criteria.

Mercury

Mercury was detected in eight (8) of fifty-nine (59) EP toxicity
leachate samples. Mercury was found in two (2) field blanks
(i.e., soil boring B2 and PI) at concentrations of 0.2 ug/1 and
0.2 ug/1 and one (l) decontamination water sample at 0.49 ug/1.
Mercury was also detected in five (5) soil boring samples (i.e.,
B4-01, 13, B7, B12 and P3) at concentrations ranging from 0.21
ug/1 to 3.4 ug/1. The highest concentration of 3.4 ug/1 was
found in the soil boring sample (B4) taken from the Plant pile.

*j This is lower than the EP toxicity limit of 200 ug/1. The other'
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four (4) soil boring samples have a mercury concentration lower
than the decontamination water sample concentration of 0.49 ug/1.
Decontamination water was taken from fire hydrant on Locust rj
Street and was used for decontaminating the field sampling U
equipment throughout the field investigation. The presence of _.
mercury may be due partially to decontamination water M
contamination.

Selenium

ISelenium was found in five (5) EP toxicity leachate samples out •»
of a total' of fifty-nine (59) samples at concentrations ranging _
from 1.5 to 7.4 ug/1. Selenium was detected in three (3) field jj_
blanks (i.e., soil boring B6, B9 and PI) at concentrations of 2
ug/1, 6 ug/1 and 4.8 ug/1 and one (1) decontamination water If
sample (i.e., at 1.5 ug/1). Selenium was also found at a
concentration of 7.4 ug/1 in one (1) waste leachate sample (i.e.,
B9). Since selenium was detected both in the field blanks and in
the corresponding soil boring sample (B9) at concentrations of 6
ug/1 and 7.4 ug/1, respectively, the contamination at the site
appears to be due to cross contamination of sample by split
spoons as determined by field blanks.

Silver

Silver was detected at a low concentration of 10 ug/1 in only two
(2) samples. These two samples were field blanks taken at
locations B2 and B6. silver was not detected in any of the soil
boring leachate samples.

B.5.2 HSL METALS (HASTE PILE BORINGS)



D Aluminum

Aluminum was detected in all the 10 waste pile samples at
concentrations ranging from 894 mg/kg to 24,600 mg/kg. Aluminum
was also found in two field blanks (i.e., B2 and PI-10) at
concentrations of 160 ug/1 and 213 ug/1 and in the decontamina-
tion water (i.e., PI-12) at a concentration of 126 ug/1. The
highest concentration of aluminum was detected (24,600 ug/kg) in
soil boring B5 at a depth of 65'-67' located in the Locust street

I Pile.

.. Antimony

Antimony was found in all the 10 waste pile samples' at
I • . concentrations ranging from 40 mg/kg to 90 mg/kg. Antimony was

not detected in the field blanks and the decontamination water.
D S o i l boring sample (i.e., B8-13) taken at a depth of 10'-12'

contained antimony at a concentration of 90 mg/kg, whereas the
p" soil boring sample (i.e., B8-14) located at a depth of 55'-57'
fr detected antimony concentration of 60 mg/kg, However, quality

control indicates that antimony may or may not be present due to
I no recovery of the matrix spike, Supporting data are necessary

to confirm this result.

Calcium

Calcium was detected at concentrations ranging from 37,100 mg/kg
to 343,000 mg/kg in all the waste pile samples. Calcium was also

i found in 4 field blanks (i.e., B2, B6-10, B12-10 and Pi-10) at
concentrations of 6,890 ug/1, 385 ug/1, 431 ug/1 and 809 ug/1,
and in the decontamination water (i.e., PI-12) at a concentration
of 63,200 ug/1.
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Copper was detected in 5 waste pile samples at concentrations
ranging from 11 mg/kg to 118 mg/kg and in the decontamination
water at a concentration of 16 ug/1, The highest concentration
of 118 mg/kg was detected in sample BG-13 located in the Locust
Street Pile at a depth of 10 '-12'.

ranging from 1,980 mg/kg to 17,200 mg/kg. The decontamination
water contained iron at' a concentration of 712 ug/1 and 4 field
blanks detected iron at concentrations ranging from 107 ug/1 to
525 ug/1. The highest iron concentration (17,200 mg/kg) was
found in the sample (P6-06) located in the Plant Pile at a depth
of 10'-12'.

Magnesium

Magnesium was found in all' the waste pile samples at
concentrations ranging from 11,400 mg/kg to 120,000 mg/kg.
Magnesium was also detected in 3 field blanks (i.e., B2, B12-10
and PI-10) at concentrations of 1,340 ug/1, 131 ug/1 and 186 ug/1
and in the decontamination water (PI-12) at a concentration of
39,200 ug/1. The highest concentration of magnesium was found in
soil boring sample (i.e., B6-13) located in the Locust Street [
Pile at a depth of 10 '-12'.

Manganese

Manganese was detected at concentrations ranging from 196 mg/kg I
to 444 mg/kg in all the waste pile samples. Manganese was also
found in 2 field blanks (i.e., B2 and PI-10) at concentrations of ,
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E

j 11 ug/1 and 6,9 ug/1 and in the decontamination water (PI-12) at
concentration of 83 ug/1.

Nickel

Nickel was found in 5 waste pile samples (B2-12, B2-13, B6-13,
B8-13 and P6-06) at concentrations of 500 mg/kg, 29 mg/kg, 440
mg/kg, 196 mg/kg and 590 mg/kg, and in two field blanks (B12-10
and PI-10) at concentrations of 52 ug/1 and 18 ug/1. The highest
concentration of nickel (590 mg/kg) was detected was in soil
boring (turned into piezometer) sample (P6-06) located at a depth
of 10'-12'.

Potassiug

Potassium was detected in all the waste pile samples at
concentrations ranging from 101 mg/kg to 1,660 mg/kg. Potassium
was also found in 3 field blanks (B2, B6-10 and B12-10) at
concentrations of 351 ug/1, 620 ug/1 and 2,840 ug/1. The highest
concentration (1,660 mg/kg) was found in sample B8-13 located at
a depth of 10'-12'.

Sodium

Sodium was found at concentrations ranging from 216 mg/kg to 551
i mg/kg. Sodium was also detected in 3 field blanks (i.e., B2,
! B6-10 and PI-10) at concentrations of 866 ug/1, 974 ug/1 and

1,480 ug/1 and in the decontamination water (PI-12) at a
concentration of 24,500 ug/1.

Vanadium

Vanadium was detected at a concentration of 109 mg/kg in only one
waste pile sample (B2-12) located in the Plant Pile at a depth of

O
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15'-17'. Vanadium was also detected at a concentration of 7 ug/1 'iM
in the decontamination water,

r
Zinc ••

Zinc was detected in eight (8) waste pile samples at £.
concentrations ranging from 12 mg/kg to 7,330 mg/kg. Zinc was
also found in 3 field blanks (i.e., B2, B6-10, and PI-10) at |":
concentrations of 13 ug/1, 28 ug/1 and 22 ug/1 and in the
decontamination water (Pi-12) at a concentration of 58 ug/1. The «|
highest concentration of zinc was detected in waste pile sample I*
(BB-13) located at a depth of 10'-12' zinc was not detected in
the same boring (B8-14) at a depth of S5'-57'.

B.5.3 VOLATILE COMPOUNDS (HASTE PILE BORINGS)

Chloromethano

Chloromethane was detected in 1 trip blank at a concentration of _
10 ug/1, and a field blank for at a concentration of 1.78 ug/1). (|
Chloromethane was also detected in four waste pile boring samples
but at concentrations below the reportable levels per EPA-CLP I
reporting protocols.

Bromomethane (

Bromomethane was detected in one sample from the Locust Street |
Pile (B-ll) at 10 ug/kg and one trip blank at a concentration of
10 ug/1.

Vinyl chloride i
i

Vinyl chloride was detected in sanple B11A-03 at a concentration
of 10 ug/kg.

O
i
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p Chlorothane

Chlorothane was detected in sample B11A-03 at a concentration of
10 ug/kg.

Methvlene Chloride

Methylene Chloride was detected in 9 trip blanks (i.e., 8.7 ug/1
to 110 ug/1), 5 field blanks (i.e., 31 ug/1 to 243.7 ug/1), 1
sample of decontamination water (i.e., 3 ug/1). Methylene
chloride was detected in 36 waste samples below the reportable
limits.

Acetone

Acetone was detected in 7 trip blanks (i.e., 2 ug/1 to 19.2
ug/1), 5 field blanks (i.e., 7 ug/1 to 240 ug/1), 35 waste
samples below the reportable limits (i.e. 4 ug/kg to 670 ug/kg).

Carbon Disulfide

Carbon disulfide was detected in one trip blank at a
concentration of 5 ug/1 and 10 field samples (soil borings B4,
B6, B7, B9 and Bll) at concentrations ranging from 5 ug/kg to 80
ug/kg.

Trans 1.2-dichloroethene

Trans 1,2-dichloroethene was detected in one trip blank (B-4) at
a concentration of 5 ug/1 and one field sample (B4) at 5 ug/kg.
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Chloroform

B-34

Chloroform was detected in 6 trip blanks (i.e., 1 ug/1 to 2
ug/1), 3 field blanks (i.e., 1 ug/1 to 2 ug/1), and 2 field
samples below reportable limits (i.e., 1 ug/kg and 4.9 ug/kg).

l.2-Dichloroethane

1,2-dichloroethane was detected in one trip blank at a
concentration of 5 ug/1 and two 'waste samples below the F
reportable limits. . " M

H2-Butanone L. |

2-Butanone was detected in 4 trip blanks (i.e., 8 ug/1 to 18.2 |,
ug/1), 14 waste samples below the reportable limits.

Jl1.1.l-Trichloroethane

1,1,1-Trichloroethane was detected in 3 trip blanks (i.e., 1,6 EI
ug/i to 2.3 ug/1), 1 field blank (i.e., 1.9 ug/1) and two waste
samples below the reportable limits. [

Carbon tetrachloride [

Carbon tetrachloride was detected in two waste samples in soil r*
boring B4 at a concentration of s ug/kg. I..

Bromodichloromathane I

Bromodichloromethane was detected at concentrations of 5 ug/kg in
two field samples in soil boring B4.

, . . . . . . . . . . . .
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o! Trana-1.3 dichloropropane

Trans-1, 3 dichloropropene was detected at a concentrations of 5
ug/kg in two waste samples in soil boring B4.

Trichloroethene

Trichloroethene was detected in one trip blank (i.e., 2.1 ug/1),
one field blank (i.e., 2 ug/1), three waste samples below the
reportable limits (i.e., 4 ug/kg, 5 ug/kg and 5 ug/kg).

Dibromochloromethane

' Dibromochloromethane was detected at a concentration of 5 ug/kg
in two waste samples from soil boring B4. .

Benzene '

Benzene was detected in the decontamination water (i.e., 3 ug/1)
and three waste samples (i.e., 4 ug/kg, 5 ug/kg and 5 ug/kg) from
soil boring B4.

Cis-l . 3-Dichloropropene

cis-l, 3-Dichloropropene was detected at a concentration of 5
ug/kg in two waste samples from soil boring B4.

2-Chloroethylvinvlether

2-Chloroethylvinylether was detected in one trip blank at a
concentration of 10 ug/1.

•J
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Bromoform

Bromoform was detected in two trip blanks at concentrations of 5
ug/1 and 1.3 ug/kg, and two field samples also at a concentration
of 5 ug/kg.

4-Methyl-2-Pentanone

4-Methyl-2-Pentanone was detected in the trip blank for soil '
boring B4 at a concentration of 10 ug/1, the trip blank for soil •-».
boring B9 at 3 ug/1 and in the laboratory blank. ii

2-Hexanone • , I '

2-Hexanone was detected in the trip blank for soil boring B4 at a f
concentration of 10 ug/1, in the laboratory blank, and in two li5'
field samples from soil borings B7 and B9 at concentrations below gr
reportable levels (0.1 ug/kg and 11 "ug/kg). (_)«i

Tatrachloroethene

Tetrachloroethene was detected in 3 field samples (i.e., 2
samples for soil boring B4 at 5 ug/kg each and 1 sample for soil
boring B5 at 2 ug/kg).

1.1.2.2-Tetrachloroethane , .

1,1,2,2-Tetrachloroethane was detected in 2 field samples (i.e.,
soil boring B4 at 5 ug/kg and soil boring B5 at 2 ug/kg). I

Toluene j

Toluene was detected in 2 trip blanks (i.e., l ug/1 and 1.7 ug/1)
3 field blanks (i.e., 2 ug/1, 3 ug/1 and 4 ug/1), 13 field '
samples (i.e., 2 ug/kg to 16.8 ug/kg), and the laboratory blank. ,--••-.
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o Chlorobenzene

Chlorobenzene was detected in the trip blank for soil boring B4
at a relatively low concentration (i.e., 5 ug/1).

i
I Ethvlbenzene

I Ethylbenzene was detected at a low concentration in soil boring
B9 (i.e., 2 ug/kg).

v' Stvrene

Styrene was detected in the trip blank for soil boring B4 (i.e.,
5 ug/1) and the field blank for soil boring B9 (i.e., 2 ug/1).

Total Xylenes

0 Total xylenes were detected in 2 trip blanks (i.e., soil boring
[M B4 at 5 ug/1 and soil boring B9 at 2 ug/1), 1 field blank (i.e.,
IS' soil boring B9 at 5 ug/1), 5 field samples below reportable

levels (i.e., 1.9 ug/kg to 13 ug/kg) and the laboratory blank.

Overall Summary

Although many volatile compounds were detected in the soil boring
( samples (i.e., 29), most are attributable to laboratory
I contamination and below reportable levels per EPA-CLP protocols.

B.5.4 PESTICIDES/PCBs

Gamma-BHC (Lindanel

Gamma-BHC was detected in three (3) soil samples (i.e., B4-04,
B4-08 and B4-09 at concentrations of 170 ug/kg, 71 ug/kg and 61

J
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ug/kg). These samples were taken from the Plant Pile at depths (~>l::
of 25'-27' and 55'-57'. '

Haptachlor |.

Low concentrations ranging from 4.94 ug/kg to 60 ug/kg of T.
heptachlor were detected in seven (7) soil samples. Heptachlor
was also found at a concentration of 4.0 ug/kg in the laboratory |""
blank. **
E '

Aldrin was found in,three (3) soil samples (i.e., B4-04, B4-08 y
and B4-09 at concentrations of 25 ug/kg, 310 ug/kg and 2.7 ug/kg)
located in the Plant Pile. Aldrin was not detected in the soil •
samples from the Locust street Pile. •i

Dialdrin

Low concentrations of dieldrin were found in the three (3) soil ||'
samples located in the Plant Pile (i.e., B4-04, B4-08 and B4-09
at concentrations of 6.7 ug/kg, 9.2 ug/kg and 6.1 ug/kg). f

[!•« I
111

Endrin

Endrin was detected at a concentration of 24 ug/kg in only one
sample (i.e., B4-04). However, the corresponding duplicate I
sample (i.e., B4-09) did not contain endrin.

Endosulfan Sulfate *

Endosulfan sulfate was found in three (3) soil boring samples I
(i.e., B4-04, B4-08 and B4-09 at concentrations of 11 ug/kg, 42
ug/kg and 57 ug/kg) taken from the Plant Pile. Endosulfan

O
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I sulfate was not detected in the Locupt street Pile soil boring
samples.

4.4-DDT

1 4,4-DDT was detected in two (2) soil samples (i.e., B4-04 and
B4-08 at concentrations of 31 ug/kg and 39 ug/kg). These two

j soil samples were located at depths of 25'-27' and 55'-57' in the
Plant Pile.

Endrin Ketone

I Endrin ketone was found in only one sample (i.e., B4-08 at a
concentration of 32 ug/kg) located at a depth of 55'-57' in the

I Plant Pile.

(•-v, Aroclor-1254
J' "

f" Only one soil boring sample (i.e., BIO-06) located at a depth of
1'$' 35'-37' in the Locust street Pile contained Aroclor-1254 at a
. concentration of 160 ug/kg,

B.6 TEST PITS

B.6.1 EP TOXICITY METALS (TEST PITS)

Barium

Barium was detected in all the eight (8) test pit EP toxicity
leachate samples at concentrations ranging from 200 ug/1 to 1920

; ug/1. These concentrations are lower than the EP Toxicity limit
of 100,000 ug/1 for hazardous waste criteria.

B-39
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Cadmium w

Cadmium was detected in only one test pit leachate sample (TP2A) 1~
at a concentration of 13 ug/1. This test pit (TP2a) was located '
on the Locust street Pile. This concentration is below the EP p
Toxic limit of 1000 ug/1. I..

Lao. [

Lead was found in three (3) test pit leachate samples (TP1A, pi
TP2A-03 and TP2a-04) at concentrations of 22 ug/1, 4650 ug/1 and *;iii
145 ug/1. The highest concentration (4650 ug/1) was found in the ™
test pit sample taken from the Locust Street Pile. This level is L
well below the EP Toxicity limit of 5000 ug/1.

B.6.2 VOLATILE COMPOUNDS (TEST PITS)

r!Hathvlane chloride Q:

Methylene Chloride was detected in one trip blank (i.e., test pit III
2A at 9 ug/1), 6 field samples (i.e., test pits IB and 2A at a
concentration range from 1 ug/kg to 9 ug/kg) and the laboratory I
b'lank.

Acetone "

Acetone was detected in one field sample (i.e., 17 ug/kg in test I..
pit 2A).

1.1.2.2 Tetrachlorcethane

1,1,2,2 Tetrachloroethane was detected in one trip blank for test
pit 2A (i.e., 1 ug/1) and one field sample for test pit 2A (i.e., i
8 ug/kg). The presence of 1,1,2,2-tetrachloroethane is probably
attributable to laboratory contamination. ; ",
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p Ethvl Benzene

Ethyl benzene was detected in one field sample for test pit 2A
(i.e., 4 ug/kg).

I B.6.3 SEMIVOLATILE COMPOUNDS

I N-Nitroaodiphenylamine

I N-Nitrosodiphenylamine was detected in three (3) test pit samples
(i.e., TP1B-03, TP1B-04 and TP2A-01 at concentrations of 280

| ug/kg, 370 ug/kg and 520 ug/kg).

.... Pi -n-butvlphthalate

Di-n-butylphthalate was found in four (4) test pit samples (i.e.,
(;_, TP1B-04, TP2A-01, TP2A-02, and TP2A-02 at concentrations of 1000
'—' ug/kg/ 270 ug/kg, 380 ug/kg and 300 ug/kg).

f- Bia-2-ethvlhexvlphthalata

I Bis-2-ethylhexylphthalate was detected in four (4) test pit
samples (i.e., TP1B-03, TP2A-01, TP2A-02 and TP2A-02 at

•::• concentrations of 81,000 ug/kg, 180 ug/kg, 63,000 ug/kg and 380
ug/kg).

O AR3G0389
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AAP-EAR-OOl
Upwind by Burtei-P«rK

1

ON TEM ASBESTOS AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTION! 2431C-I01-OIASHED
EMS LABORATORY NO. 9771.1 RECEIVED! ANALYSEDiAPRIL 24, 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN m»'2i 385
VOLUME OF AIRi 500 AREA OF SAMPLE ANALYSED IN im'Zi -121

COUtfTED IN TEM CALCULATED PER FILTER

A, Aibiitot Structuri Oncrlptloni
A.I Totil nunbir of flbirs———•— 6?————————— 439000

Mm (ng)™——————- .000142--——————— 2.81
A.I.I Chrxiotilf Nunbir——• 49-—--————— 439000

Hm (ng)———— ,000442———————— 2.81
Chrytotllt Slit Dlitributlon

Fibtr Ltngthi Ringi (micron*)——— .3 4 Mun 1,145
Fibtr Dimitin R.ngKnieroni)—— .025 .1 Mt»n .0505
A»ptet Ritloi R«ngi-——————— -• 80 Mun 23.8

A.2,1 Anphlboli Nuntair—— 0——————-—— 0
Mm (ng)———— 0———————— 0

Anphlbolt Sin Dlitrlbutlon
Fibtr Lingthi Ringi (nlcroni)——— 0 0 Mun 0
Fibir Olinttirt Ringt(nicroni)—— 0 0 Mun 0
Aipict Ritioi Ringi———————— 0 0 Mun 0
A.2 Tot.l nunbir of bundlit——— 8————————— 50900

Mm (ng)————————— .00186—————————— II.B

A.3 ToUl nunbir of cluttir*——— ' 0————————— 0
Mm (ng)———————— 0————————— 0

A,4 Tottl nunbir of n.lrix/dibrl*-- 18—————'-——— 115000
Mm (ng)————————— .000344——•—————— 2.2

8.1 Totil numbir of ubtitot »tructuri»-—— 95—•——•——•--- 605000

, 8.2 Chryiotlll———————————— 95--————————— 605000
j 8.3 Amphibolt————————————— 0—————————— 0

Croc I dol I ti——'--••——'- —•———"-—••
Trinolltt———————— .............——

j AfflOl i * t •"•"•"•"»-••••>*•••• «•"•• -«.--- mm~»mmmmmmmm~mm~*m

Anthophxlllti—————— .............——
Act Inol I ti

C.I Tottl n«n of .tbMtoi antlxtidl <ng) — .00245 —————————— \4,9

D.I Totil numbir of itrueturn ————— • — • 104— ——————— - 675000

E.I Not idintlfiid itructurn- ———————— H ' 0 Q fi
I '"j F I C If I Il0(ierltt to hitvT <lil>rli afttc aahlng. Scciust of che haivy

1/2 of cht fllur vn a>h«d tat reauapended onto a 23 MCE filter.

B-139
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CMP-EMt-002
Locuac St. Pllt

ON TEH ASBESTOS ftIR REPORT

Croc idol Hi—
Trinoliti——
AnoiItt———
Anthophxllill-
Act Inollit——

B-140

med in thia {tame; la not aa ntadabtt.M. g a 4 . .
label, At la due to aubatandatd colot ot condition o{ the otlglnal page.

rJ
CLIENT) EPA SAMPLE DESCRIPTION) 243IC-IOI-02ASHED
EMS LABORATORY NO. 9771.1 RECEIVED!1 AHALYSEDlAPRll 23, IW I"
FILTER TYPElMILLIPORE AREA OF FILTER IN im'2) 388 [
VOLUME OF AlRl 500 AREA OF SAMPLE ANALYSED IN m' 2 1 .138

COUNTED IN TEM CALCULATED PER Fllcer j

A, A*bt»to* Structurt Dtscrlptlpni
A.I Total numbtr of fibir* —— - —— 38 —————————— 212000 p,-

Ma«» (ng) —————————— .000551 —————————— 3.07 I;..
A.I.I Chrytotllt Numbtr— - 38 —— — —— - — -• 212000 t;1.;

MM* (ng) ————— .000551 —————————— 3.07
Chrytotllf Sin Distribution r"

Fibir Lingthi Ring* (micron*) ——— .25 2.75 Hun .84 Ib
Fibir Dianittr! Ringtdnlcron*) — -- .025 .2 Mun .0705 *-
Aspict Ratios Ringi ——— — ——— 5 34,7 Mun . 13.8

A. 2. 1 Antphibolt Nunbir —— 0 ————————— 0 I
Mm (ng) ———— 0™ ——————— 0

(Vnphlbolt Slii Dlitrlbutlon
Fibir Lingthi Ringi (microns) ——— 0 0 Hun 0 ,̂,1
Fibir Diint.tirt R«ngi(micron») —— 0 0 Hun 0 ^-li.
Aspict Ratio) Ringi ————————— 0 0 Hun 0

A. 2 ToUl nunbir of bundlit ——— 0 ——— - ————— • 0 fife
Man (ng) ————————— 0 ————————— fl t~

A. 3 Total nunbir of cluitiri— — • Q.......... ——— .. 5 .,,.
Hm (ng) ————————— 0 —————————— 0 1

A.4 Total nunbtr of natrlx/di.brl*- 10- ————————— 55800
Hm (ng) ————————— .0000914 ————— — - — -- .51 f

B.I Totil nunbir of libutoi *tructun* —— 48 —————————— 268000

8.2 Clwiotlli ———————————— 48 ———————— — 248000 I
8,3 Anphibolt ———————————— 0 ————— - ———— 0 I

C.I Total nit* of atbitto* inalxtidt (ng)— ,000442—————————— 3.S8

D.I Total nunbir of itructurt*————•—•.--- 48——•-—————— 379000 \

E.I Not Idintlfiid itructurt*————•—— 20—•——•———•— 112000 .-,

F.l' Conmint*!___BECAUSE OF THE HEAVY Ca S04, 1/2 OF THE FILTER WAS ASHED AN-nW''H3Ep-QQ | \

EO ON A 2Smm MCE FILTER. HodaraCa dtbria afcar aehln|._______ '______
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EMS

lOl-O-j-AAP-EAR —4Plant Pila
ON

TEM ASBESTOS AIR REPORT

CLIENT) EPA SAMPLE DESCRIPTION) 263IC-IOI-04 ASHED
EMS LABORATORY HO, 9771.1 RECEIVED! ANALYSEDiAPRIL 26, 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN nm'2! 385
VOLUME OF AIR) 500 AREA OF SAMPLE ANALYSED IN iM'2l .151

COUNTED IN TEM CALCULATED PER FILTER

A, Aibitto* Structuri Ducrlptloni
A.I Total nunbir of fibir*————— B--—•———— 40800

Hail (ng)—-———————— ,000047—————————— .24
A,I,I Chrx*otl!i Nunbir—— 8————————— 40800

Hail (ng)————— ,000047—————————— .24
Chrytotllt Slzt Distribution

Fibtr Lingthi Rangi (nlcroni)——— ,4 1.75 Hun .87
Fibtr Dlanittrt Rangttnicron*)—— ,05 ,1 Hun .0565
rtspict Ratio) Rangi————————— 7.5 35 Htan 14,4'

A.2.1 Anphibolt Nunbir—— 0——-—————— 0
Mass (ng)-*——— 0————————— 0

Anphibolt Slii Distribution
Fibtr Lingthi Rangi (nlcroni)——— 0 0 Htan 0
Fibir Dlanitin Rangi(nicron*)—— 0 0 Mun 0
flspict Ratio) Rangi-——————— 0 0 Hun 0
fl,2 Total nunbir of bund In——— 0————————— 0

Mm (ng)————————— 0————————— 0
A.3 Total nunbir of cluitir*——— 0————————— 0

Mass (ng)————————— 0————————— 0
A.4 Total nunbir of ' natrix/dibri*-- I—.———————— 5100

Mm (ng)————————— '.0000044—————————— .0325

• B.I Total nunbir of asbtstos structuris—— 9—————————— 45900

B,2 Chmotlli——————————— 9—————————— 45900
B.3 Anphibolt———————————— 0—————————— ' 0

Croc idol Iti—
TrtnolItl-----
Anoslti-——
Anthophrllitt-
Actlnollti——

C.I Total nan of aibisto* inatyttdi (ng)— .0000534————————— ,272

D.I Total nunbir of structuris——————— 29————————— 148000

E.I Not Idintlflid structuris——————— 20————————— 102000

F,l Conntntti__fltc.uu of huvx CaS04, 1/2 of thi filttr Mas ashtd ind risusptndtd

__________on l 33 im MCE filtir. Hoderace Co llghc debrla after aahln.

B-141
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MH-EAR-005
Trip BUnk

°N ' TEM ASBESTOS AIR REPORT
CLIENT) EPA SAMPLE DESCRIPTION! M3IC..01-05 Unished /~y.
HIS LABORATORY NO. 9771.1 RECEIVED) ANALYSEDiAPRIL 24, 1987 l- I

' IFILTER TYPElMILLIPORE *RW OF FILTER IN mn'2) 383
VOLUME OF AIRl 1000 AREA OF SAMPLE ANALYSED IN iW2i ,HI

COUNTED IN TEM CALCULATED PER FILTER |

A, Aibittos Structurt Discrlptloni
A.I Total nunbir of fibtrs————— I—•——————— 2730 f

Mass (ng)——-—————— .0000013————————— .00348 |
A.I.I Chrxiotlli Nunbir—— I—————•——— 2730

Hm (ng)———— .0000013—————————— ,00348
Chrxsotlli Sin Distribution I

Fibir Lingthi Rangi (nicron*)——— I I Mian I !•..
Fibtr 01 mi tin RangKnicron*)—— ,025 .025 Mun .025
Aipict Ratloi Rangi———————— 40 40 Mun 40 «--1

A.2.1 Anphlbol l Nunbir—— 0—————————— '0 -»' I
Mm (ng)———— 0————————— '

Anphibolt Slzt Diitributlon IT'
Fibir Lingth) Rangi' (nlcron*)——— 0 0 Mun fl I
Fibir Dlinitin RingKnlcron*)—— 0 .0 Mun 0
Aipict Ratio) Rangi——————-— 0 0 Mian 0
A,2 Total nunbir of bundlu——— 0————-———— 0 ^

Mass (ng)——-«•-——• Q.................. • Q

A,3 Total nunbir of clustirs——— 0————————- 0
Ma»s <ng>-———————— 0————————— 0

A.4 Total nunbir of natrix/dibri:,™ 0————————— 0 pw
Mm (ng)———•———— 0———————— 0 m

8.1 Total nunbir of aibtstot structuris-—- ' |.................. 2730

B.I Chrx»otlli——————————— I————————— 2730 I
B.3 Anphibolt——————-———— 0——————•—— 0

Crocldollti—
Tnnollti——
Anotiti——-
.Anthophylllti-
Actlnollti——

H tht page filmed in thia {tame la not aa teodable..ot.legible,44.
label, It la due to aubatandatd cotot ot condition o{ the otlgAnal page

El
C

C.I Total mm of asbisto* analxttdt (ng)— ' ERROR————————— .00348

D.I Total nunbir of structuris——————— I——————r—— 2730 J

E.I Not idintiflid »«rucluri*——*———— 0————————— 0

F.I Conntntu Ught debris_______________________________ |

RR301093 O
i

B-142 ,



, cilENT) EPA SAMPLE DESCRIPTION! 243IC- M-06 IMllhld
, EMS LABORATORY NO. 9771.1 RECEIVED) ANALYSED! 1987

, FILTER TYPE IHILLIPORE AREA OF FILTER IN im'2l 385
' VOLU1E OF AIR! 1000 AREA OF SAMPLE ANALYSED IN nW2l ••«

'r-s COUNTED IN TEM CALCULATED PER n'3
O

A, Asbisto* Structuri Diicrlptloni
A.I Total nunbir of fibir* ————— 0 ————————— "

Mas* (ng) ————— — —— 0 ————————— 0
A.I.I Chrx»otlli Nunbir —— 0 —————— - —— 0

Ha»* (ng) ——— •- 0 — • ——————— 0
Chrxiotlli Sin Diitrltaution

Fibir Lingthi Ringi (nicronO- —— 0 0 Mun 0
! Fibir Dlanitiri Rangi(nieron«) —— 0 0 Mun 0
I Aipict Ratio) Rangi ———————— 0 0 Mun 0

A. 2,1 Anphlboli Nunbir —— 0 —————————— 0
Mi«i (ng) ———— 0 ————————— 0

Anphlboli Sin Dlttributlon
Flbtr Lingthi Rangi (nicron*) ——— 0 0 Mun 0

j Fibir Diinitirt Rangi(nlcron«) —— 0 0 Mun 0
| Aipict Ratio) Ringi— —————— - 0 0, Mun 0

A, 2 Total nunbir of bundlti ——— 0 ————————— 0
Mas* (ng) ———————— 0 ————————— 0

A, 3 Total nunbir of cluitirs — — • 0— — — — .... — o
.... Ma»s (ng) ———————— 0 ————————— 0

1;;, A.4 Total nunbir of nitrlx/dibrls- 0 — T ————— -- 0
Mass <ng>—— ——— — — Q.................. g

"'' Tc'*' nultblp °* "ON-01 structural
8,2 Chrxsot i ll— .................. Q.................. Q
B.3 Anphlboli ———— • ——— -1--- 0 —————————— 0

Croc Idol Mi————
Trinoliti—————
Anotlti——————
Anthophxlllti———
Act I no) Mi———-

C.l Total nais of aibittot analx*tdi <ng>™ 0—,—•—.—..... o
0,1 Total nunbir of itrueturis—————- 3..........—,—— 7093

E.I Not idintifiid structuris—•———•—— 3————————— 7090
F.I Cnnnmtsi Ught debrli, salt crystals.organic..______________

AR30i09li
B-143
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Croc idol Iti—
Trimoli ti——
Anoslti———
Anthophxlllti-
flctinollti——

::.! Totil mass of asbistos inalyndi <ng)-~ ,000948™———--—- 4,67

J.I Toll) numbir of structuri*———————— 106—————————— 522000

M Not Idintlfiid structuris———————— 4—————————— 19700

'.I Corwntntii Because of heavy CaSO.. 1/2 of the filter was ashed and resuspenijteffi j Q j

_______on ii 25 imi HCE filter.______________________________

B-144

c
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ON AAP.RAR.R01.01 , , _
Mercer Hill ft Betsy Lane TEM ASBESTOS AIR REPORT • , (J,,

CLIENT) EPA SAMPLE DESCRIPTION) 2<13IC-I02-OIASHED I
EMS LABORATORY NO, 9771.1 RECEIVED) ANALYSEDiAPRIL M, 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN im"2i 383 P
VOLUME OF AIR) 2051.5 AREA OF SAMPLE ANALYSED IN mm'21 ,0381 |

COUNTED IN TEM CALCULATED PER m"3 p

A, Asbistos Structurt Ducrlptloni
A.I Total numbir of fibirs-———- 9!-.........——. 448000

Ma»» (ng)—————————— .OOOa'BB—————————— 3,39 I
A.I.I Chrx»otHi Number— 91—————-——-- 448000 I

Mm <ng)———— .000488————————— 3.39
Chrxwtlli SI.i Distribution irr

Fibir Lingthi Rangi (micront)——— .35 3,1 Mian 1.015 I.
Fibir Dlanitiri Rangidnicrons?—— . .025 .1 Mian .057
Aspict Ratio) Ringi————————— ' 6 102 Mi»n IB.8

A.2,1 Anphlboli Number—— 0—————————— 0 L
Matt <ncj>———— 0——————•——— 0

Amphlbolt Slzi Distribution |-:
Fibir Lingthi Ringt (mlcroni)——— 0 0 Mitn 0 |
Fibir Olanitiri Ringi<mlcront)—— 0 0 Mian 0
Atptct Ratlot Ringi———————— 0 0 Mian 0
A.2 Totil numb»r of bundli*——— 6————————— 29400 w1*

Mi** <ng)———————— .00024————————— I.IB
A.3 Total nunbir of elmtir*——— 0————————— 0 p.

Miss (ng)———————— 0————————— 0
A.<l Total numbir of nitrlx/dibris-- . 5————————— 24400 f

Mi«s <ng)————————— ,0000197—————————— .097 I

B.I Total numbir of asbittos *tructuri*—— 102————————— 502000 V-'

B.2 Chrxiotili———————————— 102—————————— .302000
8.3 Amphiboli———————————— 0—————————— 0 ....

I{ the page filmed in thit frame it not at teadable ..ot. legible,,aa. thia *-•«;
Itibtl, it la due to AubAtandand colon on condition o{ the otlglnal page, i



MP-RAR-R02-02 , ., -
Maple Kit. by Open Sewar
ind Maple Ave. Dump. • •

ON
TEH ASBESTOS AIR REPORT

CLIENT) EPA SAMPLE DESCRIPTION! 243IC-102-02 flslwd
EMS LABORATORY NO. 9771.1 RECEIVED) ANALYSED! , 4-25 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN rfli'2) 385
VOLUME OF AIR) 1802.4 AREA OF SAMPLE ATW."SED IN m'tt .0586

* COUNTED IN TEM CALCULATED PER n'3

A, Asbistos Structuri Diacrlptlont
A.I Total nunbir of flbir*--——— 35——————— 200000

Mass (ng)————————— .000444————-——— !•«
A.I.I Chrxsotlll Nunbir—— 55—————--——— 200000

Miss (ng)————— .000444-————————— l.»2
Chrxsotlll Sizi Distribution >

Flbir Lingthi Range (microns)——— ..25 4.25 Hun I.I45
Fibtr Diintttri Ringi(nlcrons)—— .025 ,l Mun .0575
Aipict Ratioi Range———————— 3.5 I25 " Mtan 21.9

A.2.1 Anphlboli Nunbir—— 0——————— 0
Miss (ng)———— 0————————— 0

Anphiboli Sin Distribution
Fibtr Lingthi Range (nicron*)——— 0 0 Hun 0
Fibtr Dlanitiri Ringt(nicront)—— 0 0 Hun ' 0
A«|iict Ratioi 'Range———•—-— 0 0 Hun 0
A,2 Total nunbir of bundlt*——— 4————:———— 14500

Mat* <ng)—-—«——— .000408———-———— 1.48 .

A.3 Total nunbir of clu»tir»——— 0————————— 0
Ma*» (ng)————•———— 0————————— 0

A.4 Total nunbir of nutrix/dibri*-- 33————————— 120000
Hai* (ng)————-————. .00203————————— 7.37

6,1 Total numbir of atbistos structuris—— 92————————— 334000
8.2 Chrxsotili—————————— 92---———————— 334000
B.3 Anphlboli———-———•———— 0—————————-- 0

Croc Idoliti——
Trtnoliti—-——
Anosltt—————
Anthophxllltt—-
Aetlnolitt——-

C,l Total nass of asbisto* analxstdt (ng)-— ,00288————-———— 10,5

0,1 Total nunbir of itructuris—-————— 108————————— 392000

E.I Not idintlfiid structuris——————— 14————————— 58100

F.I Da-int*.

B-145
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ON AAP.RAR.R03.03 r
Maple Ave. by reslvolr TEM ASBESTOS AIR REPORT f^

CLIENT) EPA SAMPLE DESCRIPTION) 243IC-I02-03ASHEO Q.
EMS LABORATORY NO. 9771.1 RECEIVED) ANALYSEDiMAY o, 1987
FILTER TYPE)MILLJPORE AREA OF FILTER IN mm'2i 385 I
VOLUME OF AIR) 2293 AREA OF SAMPLE ANALYSED IN nm<2i .00*4

COUNTED IN TEM CALCULATED PER m'3 J

A, Asbestos Structure Description) r-
A.I Total number of fibers——-—— 08————•———— 1210000

Miss <ng>——————— .000435——————- 8.12 *
A.I.I Chrxsotlie Numbir—- 08—————— 1210000

Mas* (ng)————— .000455————————- 8.12 |
Chrx.otile Sizi Distribution I

Fiber Length) Ringi (micron*)——— .3 12 Mun 1.305
Fiber Diameter) Rangi(mlcrons)—— ,023 .1 Mun .0489 .--
Aspect Ritloi Ringe———————— t -240 • Mem 27.t |.

A.2.1 Amphibole Number—— , 0————————— 0
Miss <ng>——-— 0————————— 0 f

Amphlbole Size Distribution L.
Fiber Ltngthi Ringi (microns)——— 0 0 Mian 0
Fiber Dlwwteri Range(microns)—— 0 0 Mem 0 «:!
Aspect Ritloi Ringe———————— 0 0 Mem 0 |.
A.2 Totil nunber of bundles——— 9———•—--— U1000

Mits (ng)————————— .000749————————— 13.7

A.3 Totil number of cluster*——-- 3————————— 33300
Mass (ng)————————— .0000588—————————— 1.05 o;

, A.4 Total nunber of matrix/debris-- 29————--——— 318000
Miss (ng)—————————— .00203——————————— 36.6

B.I Totil number of isbestos structures--— 109——————-—-- li»SOOOJ) '-

8.2 Chrxsotile——————————— 109—————•———— 1950000 I
B,3 Amphlbole———————————— 0—————————— 0 |

Crocidolite——————— ————————— . r.
Trimol I te————————— ..................
Amosite—————————— ————————— '
Anthophxl 11U—————— —————•——-
Ac t i nol I te———————— ..................

C.I Total mas* of asbestos anilxsidi (ng)— ,00333————————— 59.5

D.l Totil numbir of structures——————— 109————————— 1930000

:,! Not Identified structure*——————— 0———-———— 0
r,l Comment!) flar-nt* nf honuy P«Sn I/? nf HIA f<U»i. um. »«h«i< tnit r^ti£AAffl f f]Q7

' ' W J j

__________nn « ?jj m HPF filter________________________________________'

B-146
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EMS .£Utoi(n

>, AAP-RAR-R03-04
J Haplc AVB. by reslvolr

ON
TEM ASBESTOS AIR REPORT

CLIENT) EPA SAMPLE DESCRIPTION) 243IC-102-04 Ashed
EMS LABORATORY NO, 9771,1 RECEIVEDl ANALYSEDiAPRIL 24, 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN im'2t 385
VOLUME OF AIR) 2285.53 AREA OF SAMPLE ANALYSED IN rni'21 .0149

COUNTED IN TEM CALCULATED PER m'3

A. Aitaittoi Structun Ducrlptioni
A.I Total nunbir of fibir*--———— 77—————————— 871000

Man (ng)—————————— .000734———————-— 8.32
R.I.I Chrxiotllt Nunbir—- 77--——————— 871000

Mail (ng)-———— ,000734——————-——— 8.32
Chrxsotili Sin Distribution

Fibir Lingth) Ringi (nicroni)——— .4 17.75 Mun 1.525
Fibir Dlinitin Rangi(nlcron»>"— .05 .1 Mun .0555
Aipict Ratioi Rangi———————-- 5 355 Mun 29.2

A.2.1 Anphibolt Nunbir—— 0——————••—— 0
Han (ng)———— 0——————-—— 0

Anphlboli Sin Distribution
Fibir Lingthi Ringt (nlcrons)——— ,0 0 Mun 0

-^ Fibir Dlaniteri Rangi(nlcroni>—— 0 0 Hian 0
J Aspict Ratio) Ringi——————— . '0 0 Mun 0

A.2 Total nunbir of bundli*———— '5——————....... 54300
I , Hail (ng)—•——————— .000289—————————— 3.27

A.3 Total nunbir of clustirs-—— 0—-————•—• ' 0
Hai* (ng)———————— 0--———--—— 0

A.4 Total nunbir of nitrln/dibri*-- 40——————- 473000
Hm (ng)————————— .000421—————————— 7.02

B.I Total nunbir of nbntoi structuri*—— 142————————— WIOOOO A/cc,

8,2 Chrxiotlli——-————————— 142————•——— 1410000
8.3 Anphlboli—————•—-——— 0———-———- 0

Croc idol It*—
Trtnollti——
Anotiti——-
AnthophxMItt-
Actlnoliti——

; C.I Total nan of nbtitot inalx»tdi (ng) — ,00145 —————————— 18,4

D.I Total nunbir of itructuru — — —— —— 144 ——— , — , ———— 1450000

E.I Not Idintifiid »'tructuri» ———————— 4— ———— — • — 45200

O AR3QIQ98at hi.vy C.SÔ  debrli, 1/2 ot the tiUar H.» mhed and teauapended on a 25 m MCE

filter
B'147 '
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EMS 4UM.

B.I Total nunbir of it DM tot structures—— 0-

8.2 Chrx*o»lli——————————— 0-
8.3 Anphiboll-——•———————— 0-

Crocldollti————————
Trinoli ti—————————
Ano*Iti——————————
Anthophxlllti———————
Actinollti————————

C,l Total ma»» of aibistos analxsidi <ng>— o-—————— o

0.1 Total nunbir of structurei————— o™————— 0

E,l Not idintlfiid structuri*———————— 0————————— 0

F.I ConnintS)___________________'_________________

E
CH

AAP-RAH-R03-05 I •!{
Blank

" TEM ASBESTOS AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTION! 243IC-I02-05UNASHED
EMS LABORATORY NO, 9771.1 RECEIVED) rtWLYSEDtMAY 10, 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN mn'2i 385
VOLUME OF AIRi 1000 AREA OF SAMPLE ANALYSED IN im'2t .142

COUNTED IN TEM CALCULATED PER FILTER

A. Atbiito* Structuri Diicriptioni |
A.I Total nunbir of fibir*————— 0———————— 0

Hail (ng)————————— 0——————•—— 0
fl.1.1 Chrxsotlll Number—— 0———-————— 0

Mass (ng)———— 0————————— 0 I
Chrxsotlll Slzi Distribution

Fibir Lingthi Ringt (nlcroni)—— 0 0 Htan 0 «—i
Fibtr Dianitiri Rangi(nlcrons)—— 0 0 Mun 0 I
Aipict Ratioi Rangi———————— 0 0 Mun 0 . *# |

A.2.1 Anphlbole Nunbir—— 0———————— 0 j-I
Man (ng)———— 0————————— 0 1.

Anphiboll Slzt Distribution '
. Fibir Lingthi Rangi (nicrons)——— 0 0 Mun 0
Fibtr Dianitiri Rangi(nlcroni)—— 0 0 Mun 0 |
Aspict Ratioi Rangi——r-———- 0 0 Mian 0 |

A.2 Total nunbir of bundli*——— 0————————— 0 ,., i
Mat* (ng)—————————' 0————-———— 0 /Hf

A.3 Total nunbir of cluitir*——— 0———————•— 0
HIM (ng)———————— 0————————— 0

A.4 Total nunbir of matrlx/dibrl*— 0————————— 0 '•"
Mat* (ng)————————— 0—————»——— 0

0—————.———— o [

AR30I099 Q

B-148

Ii.tkt page filmed in thit frame it not at *"d*b«tf&̂ ^label, it it due to aubatandatd colot ot condition o{ the otAglnal page



D

MP-RAR-R04-06
Hissahickon rfater Shed

TEM ASBESTOS AIR REPORT

CLIENT) EPA SAMPLE DESCRIPTION) 263IC-102-06 Ashed '
EMS LABORATORY NO, 9771.1 RECEIVED) ANALYSED) I?B7
FILTER TYPEiMILLIPORE AREA OF FILTER IN mV2i 383
VOLUME OF AIR) 2491.5 AREA OF SAMPLE ANALYSED IN m" 2 1 .1451

COUNTED IN TEM CALCULATED PER m'3

A. Asbittos Structure Description!
A, I Total number of fibers ————— 62 — —— —— —— 58000

Mas* (ng) ————————— .00033™ ———————— .494"
A.I.I Chrxsotile Numbir — « ——— — -• — •- 38000

Mass (ng) ————— .00053 ——— - ————— ,49o
Chrxsotile Size Distribution

Fiber Lingthi Range (micron*)- —— ,25 7.5 Mean 1.595
Fiber Diameter) Rangt(nlcrons) —— ' ,025 ,1 Mean ,0492
Aspect Ratio) Range ————————— 3 ISO Mem 33.1

A. 2. 1 Anphlboli Number — 0 ————— ........ o
Mis» (ng) ——— - 0 ————————— 0

Amphlbole Size Distribution
Fiber Lingthi Ringe (micron*) ——— 0 0 Mem 0
Fiber Dlameteri Rangi(mlcrons) —— 0 0 Mian 0
Aspect Ratio) Ring*-- —————— - 0 0 Mun 0
A.2 Totil number of bundle*-——— 6——————— 5420

Miss <ng)———-————— .0003?—————————— .343
t

A.3 Totil number of clusters——— . 0————————— 0
Miss (ng)————————— 0————————— 0

A,4 Totil number of matrix/debris™ 10——-—————— 9340
Miss (ng)———•————— .000057——————•—— .0333

B.I Total number of asbestos structures—— . 78————————— .073000 f/cc.

8,2 Chrxsotile——••————————— 78—————————— 73000
B.3 Amphibole——————————-— 0—————————— 0

Crocidolite—
I Tremollte——
j Amosite———
' Anthophxltiti-

Actinolite——

i '.I Total mass of isbestos analxttdi (ng)— ,000977—————————— ,914

*.! Total number of structures——————— 97—————————— 90800

-.1 Not idintified strueturis———————— 19—————————— 'Wf'-.Q I I 00

• " Com"lnt" Because pf heavy M4| „. „. „„ f1|w m ^d and resuspended————

———. .on a 25 mm MCE filter". 6_W9———————————; I

I {the page filmed in thia {tame la not aa teadoble.,ot legible a
label, It la due to AubAtandand colon on condition o{ the otlglnal page.



EMS -C.Ut.ii,,

AAP-RAR-ROS-07
Locust Street

ON
TEM ASBESTOS AIR REPORT r

CLIENT) EPA SAMPLE DESCRIPTION! 243IC-J02-07 Ashed
EMS LABORATORY NO. 9771.1 RECEIVED! ANALYSED! 1987 ...
FILTER TYPElMILLIPORE AREA OF FILTER IN mn"2l 383
unnwc nc flip, iftQn ARFA nf RAMPL? Af4ALYSED IN imi'2i ,172 I .

I.
VOLW1E OF AIR) 1890 AREA OF SAMPLE ANALYSED IN im'2i .172

COUNTED IN TEH CALCULATED PER m'3

A, Asbistos Structuri Discrlptloni
A.I Total nunbtr of flbtr*————- 23——-————— 27200

Ma«* (ng)—-——————— ,0000942---————•—— .112 F"
- A,I,I Chrxsotlll Nunbir—— 23—-——————— 27200 |M

Man (ng)————— .0000942——————-——- .112
Chrxsotllt Sizi Diltrlbutlon

Fibir Lingthi Ringi (nlcrons)——— .33 4.25 Mun .85 "T
Fibir Dianitiri Rangi(nicrons)—— .025 .073 Mun ,04545 L.
Aipict Ratioi Rangi———————— 6,67 125 Mian 18.9

A.2.1 Anphlboli Nunbir—— 0———————- 0 I"
Mass (ng)———— 0—————-"'-— 0 •.

Aiphltolt Sin Distribution
Fibir Lingthi Ringi (nlcroni)——— 0 0 Mun 0
Fibir Dianitiri Rangi(nlc'rons)—— 0 0 Mun ' 0
Aspect Ratioi Range———————— 0 0 Mun 0
A.2 Total nunbir of bundlii——— I—————-——- 1180 K.

Mail (ng)—-——•——— .000103—---———— ,122 g?

A,3 Total nunbtr of clusters-—— 0—•—-———— 0
Mass (ng)————————— 0————————— 0 I

A,4 Total nunbir of nitrlx/dibrls- <S————————— 7110
Ma»* (ng)————————— ,0000157—————————— .0184 r

8,1 Total nunbtr of aibntoi »tructuri»—•- 30—'———.«.— 35500 '•'"

8.2 Chrxsotlll———————————— 30—————————— 35300 P"
B.3 Anphiboll--——————————— 0-———————— 0 L_

Croc i dol I te—-————- — —————>—
Trmollti———————— ————————— J
Anoilti————————— —————-——• (
Anthophxllltt-
Actinollti—

i

"•

C.l Total matt of asbistos analxtidi (ng)— ,000213—•——————— ,252

D.I Total nunbir of structuris-——•———- 41————•———— 48400

E.I Not Identified itruetuns———————— II——-—————— 13000
F.I Camtnt*! Hodente debris •'•"• "hlng. B«caui« of tha heavy CaSO^, 1/2 (g^

of thi fllUr wai tihid and reguiptndid onto « 25 m MCE (Hear, n n O n I I n I '———————————————————————.——tinou I I U I
B-150 ' I

.-, '•*"} <•--•••— l" thia {tame la not aa teadable ,ot legible aa fhlaS^
«bel, At la due to AubAtandand colon on condition o{ the otlglnal page.'



b

AAP.RAR.ROS.OB
Wissahickon & Chestnut TEM ASBESTOS AIR REPORT

CLIENTl EPA SAMPLE DESCRIPTION) 263IC-102-08ASHEO
EMS LABORATORY NO. 9771.1 RECEIVED) ANALYSEDiMAY 7, 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN mm'2l 383
VOLUME OF AIR! 1837.7 AREA OF SAMPLE ANALYSED IN im'2l .2021

COUNTED IN TEM CALCULATED PER m'3

A. Asbestos Structure Description!
A.I Total number of fiber*————— 23————————— 25*00

Hiss (ng)————————— ,00013————————— .154
A, 1,1 Chrxsotile Number—— 23————————— 25*00

Mis* (ng)———— .00015————————— .134
Chrxsotile Size Distribution

Fiber Lingthi Rangi (microns)——— .4 2.1 Mem .93
Fiber Dlamitiri Range(microns)—— .023 .1 Mean .053
Aspect Ritioi Range————-•——— 7.3 42 Mean IB.d

A.2.1 Amphlbole Number— 0————————— 0
Mass (ng)———— 0————————— 0

Anphiboll Size Distribution
Fiber Length) Ring* (microns)——— 0 0 Mem 0
Fiber DI meter i Rmge(mlcrons)—— 0 0 Mean 0
Asp'tct Ritloi Range———————— fl 0 Mem 0

A.2 Totil number of bundles——— 1————————— 1030
Miss <ng)————————— .0000143-————————— .0147

* A,3 Totil nunber of clusters——— 0————————— 0
Miss <ng)——-—————• 0————————— 0

A.I Totil nunber of nutrix/debrls-- 3——————-—— 3080
Miss (ng)—————————— .0000433—————————— .0444

6,1 Totil number of asbestos structuris—— 29————————— 29700

B.2 Chrx»otite———————————• 29-————————— 29700
B.3 Amphlbol*———————————— 0-——•—————— 0

Crocidolite—
Trimollte——•
Anosite———
Anthophxllitt-
Act inol I ti—-

C.I Totil mast of isbettos mi1x*edi (ng)— .000208————————— ,213

D.I Total number of structures———-——— 38————————— 39000

E.I Not identified structures———————— 9————————— 9230

^ ,1 Camintil Baenuse of h»avy CaSO., 1/9 nf t-ha HI I'm- u«< «shi»d •nrffvO<J.i|Jphî if) ̂

._____________fffl I 9-i im. MPF f<Uor ____________________________________



AAP.PAR.R07.09 I,
Center ind Chestnut Sts.

ON t
TEM ASBESTOS AIR REPORT |;

CUIENTl EPA SAMPLE DESCRIPTION) 243IC-102-09ASHED /O
EMS LABORATORY NO. ?77l.l RECEIVED! ANALYSED)MAY B, 1987 -'I
FILTER TYPElMILLIPORE AREA OF FILTER IN mm"2i 385 (
VOLUME OF AIR) 1731.25 AREA OF SAMPLE ANALYSED IN mm'21 .177

COUNTED IN TEM CALCULATED PER m'3

Anositi———
Anthophxllite-
Actinollte——

C,l Totil mass of ubestos an.lxtidi (ng)— .000219—————————— ,272'

0,1 Total nunber of structures——————— 39—————————— 48400

E.I Not identified structure*———————— B————————— 9940

F,l Cofflniintll Harjiiic.., nf homiy TjllSfl 1/0 gf tha filter, urn* MhpH fln** t*,,,v ,„
————,———on-faSimi'llCE filter.

B-152

r
A. Asbettoj Structure Description! r

A.I Totil numbir of fibirs————— 24——————i—— 32300
Mist (ng)————————— .000168——————-—— .209 '
A.I.I Chryiotile Number—— 24-——————— 32300

Mitt (ng)————— ,000168—————————— .209 t
Chrxtotile Size Distribution I.

Fiber Length) Ringe (micron*)——— .35 1.75 Mem .85
Fiber Diameter) Range(mlerons)—— .023 ,15 Mem .0543 pi
Aspect Ritloi Ringe———————— 6 34 Mun , 14,9 [.

A.2.1 Amphlbole Number— 0————————— 0
Mat* (ng)———— 0—————————— 0 \

Amphibole Size Dittributlon 1. I
Fiber Length! Ringe (microns)——- 0 0 Mun 0
Fiber Diameter! Rmge(mlcront)-—— 0 0 Mun 0 •
Aspect Ritloi Ringe———-———- 0 0 Mun 0 |

A.2 Total numbir oi bundles—.—— 2————————— 2480
'Mm (ng)———————-— .0000304————————— .038

A,3 Totil numbir of cluttirs——•«•- 0————————— 0
Miss (ng)—————— o——————— 0 r~ I

A.4 Total numbir of mitrlx/debrls— 3——••————— 3730 [
Miss (ng)—————————— .0000204——————————— .0253 .

B.I Total numbir of isbtstot structures—— 31————————— 38300 *~

B.2 Chrxsotile——————————— 31——————,-—— 38500 I
8.3 Amphibole———•——————— 0——-——--—— 0 I,,.

Crocidolite———————— ————————— p-
Tremol i ti————————— ——-——————

It the page filmed in thia {tame la not aa teadable..ot leglble.aa thia—-i- -|
label, it it due to tubttandand colon on condition oi the otlglnal page.



AAP.PAR.R08.10
Illcolet by RR Tracks

' TEM ASBESTOS AIR REPORT

CLIENT) EPA SAMPLE DESCRIPTION) 2631C-102-10ASHED
EMS LABORATORY NO. 9771.1 RECEIVED) ANALYSEDiMAY B, 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN nm'2i 385
VOLUME OF AIR) 1937,7 AREA OF SAMPLE ANALYSED IN mm'2i ,184

COUNTED IN TEM CALCULATED PER m'3

A, Asbittot Structure Description!
A.I Totil numbir of fibers————— 74————————— 78200

Miss (ng)————————— .000406————————— .429
A.I.I Chrxtotlle Number—— 74————————— 78200

Mitt (ng)———— .000404————————— .429
Chrxtotlle Size Distribution

Fiber Length) Ringi (microns)——— .35 2,4 Mem .845
Fiber Diameter! Rmge(nicrons)—>-- ,025 ,1 Mean .0545
Aspect Ratiot Ringe———————— 4 42 ' Mem 14.4

A.2,1 Amphlbole Number—— 0————————— 0
Mist <ng)~——— 0————————— 0

Anphibole Size Distribution
Fiber Length! Ringe (microns)——— 0 0 Mem 0
Fiber Dianitiri Rangi(nlcrons)—— 0 0 Mun 0
Aspect Ritloi Ringe———————— 0 0 Mem 0

b A.2 Totil nunber of bundlet-r—— • 5————————— 5290
Miss (ng)————————— ,000149—————————— .158

A.3 Totil nunber of clusters———< Q————————— 0
Mis* <ng)———————— 0————————— 0

A.4 Totil nunber of raitrlx/debrls— 4————————— 4230
Mil* (ng)—————————— .0000422—————————— .0458

B.I Totil number of asbestos ttructures—— 83————————— 87800

B.2 Chrxtotlle——————————— 63—————————— 87800
fl.3 Amphibole———————————— 0————————— 0

Croc idol Iti—
Trimollti——
Amoslti———
Anthophxlllti-
Actlnollte——

C.I Total mass of asbistot malxsid) (ng) — ,000417 —————————— .453

0,1 Total numbir of structurit ———— - —— 84 ————————— 90900

E.I Not Idintlflid structures ———————— 3 ————————— • 3170

F.I Caimmt*) Because of heavy CaSO.. 1/2 of the filter was ashed and resuspended

on, 25 ̂ HCE filter.

B-153

I {the page filmed in thit frame it not at neadabU._on legible, at thit ̂^ \
label, it it due to tubttandand colon on condition o{ the otlglnal page. '.



EMS
AAP-MR-R09-U
NlcoliC in Meld °tt Cheitimt'

ON •
TEM ASBESTOS AIR REPORT '

CLIENT) EPA " SAMPLE DESCRIPTION) 2431C-I02-IIASHED
EMS LABORATORv NO. 9771.1 RECEIVED) ANALYSEDtMAY 10, 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN mm^i 385 .
VOLUME OF AIRl 1048,1 AREA OF SAMPLE ANALYSED IN mV2i .15 |

COUNTED IN TEM . CALCULATED PER m'3

A. Aibntoi Structuri Diicriptloni I
. A,I Total numbir of flbiri————— 4————————— 5300 •••

Mm (ng)—————————— .0000447————-————— .0442
A.I.I Chrxiot111 Numbir—— 4-———-————• 5500 ("

Ma«» (ng)————— .0000447————•————— .0442
Chrxiotllt Slzi Distribution

Fibtr Lingthi Ringi (microns)——— ,45 3 Mun 1.35
Fibtr Dianiteri RangKnicrons)—— .05 .075 Mun .0565 P
Aspict Ratioi Rangi———————— 13 40 Mun 22 |||

A,2,1 Anphiboll Nunbir—— 0————————— 0 r~
Mass (ng)———— 0————————— 0 l

Anphlboli Slzi Distribution ' • I*. I
Fibir Lingthi Rangi (microns)——— 0 0 Mun 0
Fibir Dianitir) Rangi(ttlcroni)—— 0 0 Mun 0 i
Aipict Ratioi Ringi—-—————— 0 0 Mun 0 I

A,2 Total nunbir of bundlii——— 0————————— 0
Mais (ng)————————.- 0—————-——— 0 |F

(Hi;.
A.3 Total nunbir of clusters-—— Or—.————— o v—'

Mil* (ng)————————— 0————————— 0 _
m

A.4 Totil nunbir of nitrix/dibrl*-- 0————————— 0 lu!
Mat* (ng)————————— 0————————— 0

6,1 Total nunbir of aitatitot structuru—— 4————————— 5500 J
B.2 Chrxsotlll———————————— 4—————————— 5500
8,3 Anphiboll—•••—————————— 0-—————•——— 0 I

Croc idol Iti
Trinotitt"
Anositi—————————— ————————— T
Anthophxlllti—————— •————————— I
Ac t i no) I ti———————— ..................

C.l Total nai* of asbistoi analxudi (ng)— .0000447————————— .0442

0,1 Total nunbir of struetuns——————— 3————————— 4870

E.I Not idintlflid itructures———————— I—————————— 1370

F.I Comntntl!___BECAUSE OF HEAVY CaS04, 1/2 OF THE FILTER UAS ASHED AND RESUSPENDED ON

A 23mn MCE FILTER. Lilht to »"'"«•«
AR30II05 r,

V

B-154

I{ the page filmed in tkit frame it not at teadable..flt legible,a
label, It la due to AubAtandand colon on condition o{ the otlglnal page.



AAP-RAR-RIO-12
Main i Butler

ON
i TEM ASBESTOS AIR REPORT
^ CLIENT) EPA SAMPLE DESCRIPTION) 243IC-I02.I2ASHED
f ) EMS LABORATORY NO. 9771.1 RECEIVED! ANALYSEDlAPRIL 28,1987
I FILTER TYPElMILLIPORE AREA OF FILTER IN mm'2i 383

VOLUME OF AIR) IB9S.4 AREA OF SAMPLE ANALYSED IN mT2l .0533

COUNTED IN TEH CALCULATED PER m'3

A, Asbistos Structuri Description!
A.I Totil nunber of fibirs-———— 43-—-——-——— 240000

Mail (ng)————————— .000875————————— 3.33
A.I.I ChrxiotllrNunbtr—— 43————————— 240000

Mill <l»g)————— ,000875—————————— 3.33
Chrxtotilt Sizi Distribution

Fibir Lingthi Rangi (microns)——— .33 13.75 Mun 1.77
Fibir Dianitiri Rangi(nicrons)--— .025 ,1 Mun ,035
Aipict Ratloi Ringi———————-- , 3.33 257 Mun 31.6

A.2.1 Anphiboll Nunbir—— 0————————— 0
Mm (ng)™—'-— ' 0—............... o

Anphiboll SI.i Distribution
Fibir Ltngthi Rangi (nlcroni)——— 0 0 Mun 0
Fibir Dianitiri Rangi(nicrons)—— ' 0 0 Mun 0
A»pict Ratlot Ringi———————— 0 0 Mun 0

I A.2 Total nmbir of bundlt*——— 4—--,-r———-—— 15200
I Ma** (ng)———————— ,00014——-———-——— ,61

A,3 Total nunbir of cluttiri-
Mass (ng)—————

A.4 Total nunbtr of natrU/dibrii-- 14————————— 41000
Mass (ng)--——————— ,00036—————•'——— 1.37

8,1 Total numbir of iibettos itructuru—— 83——•—————— 316000

8.2 Chrxiotill——-———•———— 83—————————— 316000
8.3 Amphiboli———————————— 0—————————— 0

Croc idol Hi—
Trinolitt——
Anositi———
Anthophxllitt-
Actlnollti—

C.J Total nan of atbtitoi analxudi (ng)— ,00139————————— 5,32

0,1 Total nunbir of structuru™————- 115——"——————— 43BOOO

E.I Not Idtntlflid itructum-————— 32————•———- 122000
F.I amtntti Heivy debris_____________________

O RR301I06

B-155

U the page filmed in thit frame it not at teadable ..ot legible aa a-
label, At Aa due to aubatandato! colot ot condition o{ the otlglnal pace.i ' /' ' •" " .



~~ EMS
MP-RAR-Rll-13
Hain and Orange

ON
TEM ASBESTOS AIR REPORT

CLIENT) EPA SAMPLE DESCRIPTION) 263IC-102-I3ASHED
EMS LABORATORY NO. 9771.1 RECEIVED) ANALYSEDlMAY 10, 1987 r.i
FILTER TYPEtMILLIPORE AREA OF FILTER IN nm'2l 383 I
VOLUME OF AlRl 1938.4 AREA OF SAMPLE ANALYSED IN M'2) .0923 I I

COUNTED IN TEM CALCULATED PER m'3 • r"

A, Asbestos Strvcturi Description)
A.I Total numbir of fibirs————— 99————————— 213000

Mass (ng)—————————- .000373———————— 1.23 I
A.I.I Chrxsotlll Nunbir—- 99———————— 213000 }

Mass (ng)————- .000373———————— 1.23
Chrxiotllt Slzi Distribution r^l

Fltair Lmgtht Rangi (nlcront)——— .4 3 Mun .92 II
Fibir Dlanitiri Rangi(mlcroni)—— .023 .1 Mtm .0543 I,,; |
Aipict Ratioi Rangi———-————— 5.5 100 Mun 17.4

n IA,2,1 Anphlboli Numbir—— 0———————— 0 I
Ma»* (ng)———— 0———————— ,0 I-1

Anphlboli Slzi Distribution
Fibir Ltngthi Ringi (nlcront)——— 0 0 Mun 0 I
Fibtr Dianitiri Rangi(nlcrons)—— 0 • 0 Mun 0 |

....Aspict Ratioi Range—————— 0 0 Mean 0

A.2 Total nunber of bundles——— 14———————— 30100
Mm (n'g)————————— .00119————————— 2.34

A.3 Total nunbir of clustirs——— 1————————— 2130 p
Mils (ng)————————— ,0000117--———————— .0232 i|

A.4 Totil nunbir of nitri./dibrls--, I————————— 2130
Mats (ng)——————•'——— .0000744—————————— .143 I"

8,1 Total nunbir of libutos structure*—— 113————————— 247000

8.2 Chrxtotlli———————————— 113—————————— 247000 |
8,3 Amphlbult——————————— 0————————— 0 L

Crocldoliti———————
Trtmoli tl—————————

• Anodti——————————
Anthophxlllti——————
Actlnolltt————————

A 2S-. MCE FILTER H°-««.. d-bri.

C.I Total man of aibtstos analxsidi (ng)— .00183————————— 3.98 '

0,1 Total numbir of itructuri*——-——'— II7--—————..—- 232000

E.I Not idmtifiid itructuri*——————— 2-————-——— 4300

F.I Catmints)___BECAUSE OF HEAVY CaS04, 1/2 OF THE FILTER WAS ASHED AND RESUSPENDED OH

————————AR3Q1IQ7 Q

B-156

in tkit frame it not at teadable^ot legible aa thia- "
label, It la due to AubAtandand colon on condition o{ the otlglnal page.



AAP-RAR-RS2-14
Main 4 Bannockburn

I
! ' ON

TEM ASBESTOS AIR REPORT •

CLIENT) EPA SAMPLE DESCRIPTION! 243IC- *02-M fl-hed
' EMS LABORATORY NO. 9771,1 RECEIVED! ANALYSED) 4.24. 1987

FILTER TYPElMILLIPORE AREA OF FILTER IN mn'2i 383
VOLUME OF AlRl 1928.9 AREA OF SAMPLE ANALYSED IN mn'2i .079

. COUNTED IN TEM CALCULATED PER m'3

A, Aibistos Structurt Discriptloni
A,I Totil nunbir of fibiri———— 60——•————— 132000

Mass (ng)————————— .000394——————-—— .995
A.I. 1 ChrxiotIII Nunbir—— 60——-——-—-—— 152000

Mm (ng)————- ,000394————————— .993
Chrxsotlll Sitt Distribution

Fibir Ltngthi Rangt (nlcrons)——— • .4 8.5 Mun .995
Fibtr Dlinittri Ringi(nicront)—— .025 ,075 Mun ,051
Aipict Ratlot Rangt——————— ' 5.33 113 Mun 19.9

A.2.1 Anphiboll Numbir—— 0——————— 0
Miss (ng)—-•— 0————————— 0

Anphiboll Size Dlitrlbutlon
Fibtr Lingthi Rangt (nlcrons)——- 0 0 Mun 0
Fibir Dlamitiri Rangi(nlcroni)—— 0 0 Mun 0
Aipict Ratioi Rangi———————— 0 0 Mun 0i;

I

A.2 Total nunbir of bundlii———• 3—'•——————— 7580
Mass (ng)——————-—— .0000481————————— .122

A.3 Total nunbtr of cluttiri——— Q—................ n
•Mass (ng)———————— 0————-———— 0

A.4 Total nunbir of natrix/dibrls— 16————————— 40400
Mass (ng)————————— .OOOOB4I—————————— .218

8,1 Total nunbir of asbistos structuru—— 79————————— 200000

8,2 Chrxiotill———————————— 79—————————— 200000
6,3 Anphibole———'———........ o—'-•————•—— 0

Croc Idol Iti—
Trtmollti——
Anoilte———
Anthophxlllti-
Actinoliti-—

i C,l Total man of aibntoi analxiidi (ng)— .00052B-—•——........ 1,33

O.I Total nunbir of itructuru——————— 107————————— 270000

E.I Not Idintifled itructuru————-——— 28————————— 70700
F.I Cntintntu Moderate to heavy debris_________________________

AR301108
O

B-157

Ii the page filmed in thit frame it not aa teadable ..ot legible, aa, thia"&%*
label, it la due to AubAtandand colon on condition o{ the otlglnal page.



AAP-RAR-R13-15 ' *"' '
Hiln md Church • ,

N k:
TEM ASBESTOS AIR REPORT ' /-]*

CLIENT) EPA SAMPLE DESCRIPTION) 2431C-102.15 Ashed
EMS LABORATORY NO. 9771.1 RECEIVED! ANALYSED! 4-24-1997 •
FILTER TYPElMILLIPORE AREA OF FILTER IN mn'2i 383
VOLUME OF AIR) 1729.2 AREA OF SAMPLE ANALYSED IN mn'2l .131 I" |

COUNTED IN TEM CALCULATED PER n'3 "

A. Asbistos Structuri Discrlptioni . [
A.I Total nunbir of flbtrs————— 34———-.————— 33100 I

Mast (ng)————————— .000312—'——————— .46
A.I.I Chrxsotlll Numbir—— 36———•—•——— 33100 .

Mass (ng)———— ,000312———-————— -46
Chrxsotlll Slzi Distribution I

Fibtr Length! Range (microns)-—— ,35 3,5 Mun 1,13
Fibir Dianitiri R.ngKnieroni)-—- ,023 .1 Mian .053 i-
Aipict Ratioi Rangi————————— • 7 63 Mun 21.2 [

A.2.1 Anphlboli Nunbir—— 0————————— 0
Mass (ng)———- 0———•————— 0 I

Anphfboli Slzi,Distribution t,
Fibtr Lingthi Ringi (nlcroni)—— 0 0 Mun 0
Fibir Dianitiri Rangi(nlcroni)—— 0 0 Mun 0
Aipict Ratioi Rangi———————— 0 0 Mun 0 I

A.2 Total numbir of bundltt—-— 3-———————— 4420
Mil* (ng)————————— .0000826—————————— .122 «-•

A.3 Totil nunbir of cluitir*——• 0————————— 0 \*>».-
Mat* (ng)——————-— 0————————— 0

A.4 Total numbir of matrlx/dtbrl*-- 4————————— 3900 pi
Ma** (ng)————————— .0000517————-————— .0742

B.I Total nunbir of isbtstos structuris—— 43————————— 43400 • I

6,2 Chrxsotllt———————————— 43—————————— 43400
6,3 Amphlbolt————————————— 0————•—•—— 0 „,

Croc idol Mi—•——
Trinol I te————-
Anotlte—————
Anthophxl 11 ti———
Actlnollte——......

C.I Total man of asbiiloi analxiidt (ng)— ,000444————-————• .438

D.I Total nunbtr of itructuru——————— 47————————— 49300

E.I Not Idintlflid itructuru———————- -I————————— 3900

F.I Conmnlii Moderate debris__________________________

flR30H09

B-153

. In'thia {tame la not aa teadable J»* leglble,.aa
label, It la due to tubttandand colon on condition o{ the otlgAnal page.



D

MP-SAR-SO.-Ol
Northviit corner of Locuit Street rile

°M TEM ASBESTOS AIR REPORT

CLIENT) EPA SAMPLE DESCRIPTION) .243IC-I02-16ASHED
EMS LABORATORY NO. 9771.1 RECEIVED! ANALYSEDtMAY 10, 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN nn'2! 3B3
VOLUME OF AIRl 1836,25 AREA OF SAMPLE ANALYSED IN mV2l .148

COUNTED IN TEH CALCULATED PER m'3

A. Aibistot Structuri Dttcrlptloni
A,I Total nunbir of fibtri————— 31———————

Mass (ng)—--—————- .000309————————- .433
A.I.I Chrxsotill Nunbir—— 31————————— 43400

Mass (ng)———— .000309-—————— -433
Chrxiotlli Slzt Distribution

Fibir Lingthi Rangi (microns)—•— .3 8 Mun 1.42
Fibir Dianitiri Ringi(nicrons)—— .025 .075 Mtm .05
Aspict Ratioi Rangi———————— 7 107 Mun 24.1

A.2.1 Anphlboli Nunbir—— 0———————— 0
Man (ng)———— 0——••—————— 0

Anphiboll Slzi Distribution •
Fibir Lingthi Ringi (nicrons)——— 0 0 Mun 0
Fibir Dianitiri Rmgt(nlcroni)—— 0 0 Mun 0
Aspict Ritloi Ringi—•—————— 0 0 Mun 0

A,2 Totil numbtr of bund!M——— 3———————— 4200
Mass (ng)———-————— • .000447—————————— .426

A,3 Total numbtr of cluitiri——— 0————————— 0
Mass (ng)———————— 0————————— 0

A.4 Total numbir of matrix/dibrii— 21—————————— 29400
Mass (ng)———————— .000133——————-—— ,186

6.1 Total numbtr of aibtstoi structuru—— 55—————————— 77100

8.2 Chrxsotlll——————————— 55—————————— 77100
6,3 Amphlboli———————————— 0—————————— 0

Croc I doll tt~—
Trimelltt——-
Amotitt———
Anthophxlllti—
Actinoliti——

C.I Total man of aibistos analxttdi (ng)— ,000889—————————— 1.25

O.I Total numbir of itructuru——————— 36—————————— 7B500

O E.I Not identified *tructurt*————— I——..,—.—— IwM'"'1 •
F.I Cai¥!.int*i Light dabrla after nihtng. Bncame of the heavy CaSO,, 1/2 ot_______

I thi Ulcer u«« tihed and rmuipendaJ onto a 25 mm HCE tilt«r.________________ .
B-139

Ii the. page -Jllmed In thia {tame la not aa teadable ,.ot. legible, aa thlâ -
lobel, At Aa due to AubAtandand colon on condition o{ the otlglnal page.



AAP-SAR-S01-02
" Northwest corner of Locust St. Pile p

ON ' lit
TEM ASBESTOS AIR REPORT -. "

CLIENT! EPA SAMPLE DESCRIPTION! 263IC-I02.17 Ashed " j.'lf
EMS LABORATORY NO. 9771,1 RECEIVED! ANALYSEDiAPRIL 25, 1987 I
FILTER TYPElMILLIPORE AREA OF FILTER IN nn'2l 385
VOLUME OF AIRl 1873,8 AREA OF SAMPLE ANALYSED IN mV2i .139

COUNTED IN TEM CALCULATED PER m'3 r
A, Aibistos Structuri Description! • P'

A.I Total numbir of flbirs———— 44-——————— 54900 |
Man (ng)-———————• .000384———.-.—.—— .49?
A.I.I Chrxsotill Nunbir—— 44————————- 56900

Mass (ng)———- .000384——-————— .499 I
Chrxsotlll Slzi Distribution I

Flbtr lingthi Ringi (microns)——— .23 7.3 Mun 1.443
Fibir Dlamitiri Rangi(mlcrons)—— .025 .1 Mun .0345 p-1
Aspict Ratioi Rangi—————•—— 5 150 Mun 27.8 J.H

A.2.I Anphlboli Nunbir—— 0————————•- 0
Mm (ng)———— 0————————— 0 f I

Anphiboll Slzi uiitrlbutlon i
Flbtr Ltngthi Ringi (nicront)——— 0 0 Mun 0
Fibir Olanitiri Rangi(mlcron*>—— 0 0 Mun 0
Aipict Ratioi Rangi———————— 0 0 Mun 0 f

A.2 Total nunbir of bundlis——•- 3————————— 3880
Mass (ng)———————- .000722———...—..— .933 _̂

A.3 Totil nunbir of clusters—— 0———————— 0 ^m
Mass (ng)————————— 0————————— 0

A.4 Totil nunbir of natrlx/dibrls-- 8——————•—— 10300 {$'
Mass (ng)————————— .0000302———————-—— .0449 **•

B.I Total nunbir of asbestos structuris—— 33———————•- 71100 . I"1

6,2 Chrxsotili———————————— 35———————-—— 71100
6,3 Anphiboll———————————— 0——-—————— 0 ...

Croc idol i ti——————— .................. I, (,
Trimol I ti———————— ..................
Anositt———————* .................. I
Anthophxlllti—————— —————————- I
Ac 11 nol i ti———————— ————————— L- I

C.I Total miss of isbtttoi anilxsidi (ng)— .00114————————— 1,5
0,1 Total nunbir of ttruclurii————— 43.....—.—....... BIWQ

E.I Not Idintlfitd itructuri*———————— 8—————-——— 10300

F.l Camintii light to Moderate debris.______________________

AR30I
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I

in thit frame it not at teae.able:..o4,.leglble,.aa...t*ia'
label, It la due to tubttandand colon on condition o{ the otlglnal page.



0

EMS

WP-SAR-S01-03
OH Source Field Blank

TEM ASBESTOS AIR REPORT
CLIENT) EPA SAMPLE DESCRIPTION) 263IC-I02.I8UNASHED
EMS LABORATORY NO, 9771.1 RECEIVED) ANALYSED(APRIL 28, 1987
FILTER TYPEtMlLLIPORE AREA OF FILTER IN mm'2l 383
VOLUME OF AIR) 1000 AREA OF SAMPLE ANALYSED IN nn'2l ,131

COUNTED IN TEM CALCULATED PER FILTER

A, Asbestos Structuri Discrlptlont
A,I Total nunbtr of fibiri——- — 0—•—•—,—-.—— 0

Mass (ng)———————-— 0———————— 0
A.I.I Chrxsotlll Nunbir—— 0——————— o

Miss (ng)———— 0————————— 0
Chrxsotilt Slit Distribution

Fibir Lingtht Ringi (nicrons)——— 0 0 Mun
Flbtr Dlantttri Ringi(nlcroni)—— 0 0 Mun
Aipict Ratioi Rangi———————— 0 0 Mun

• . A.2.1 Anphlboli Nunbir— 0———--——— 0
tit If (fltj) ""•»«*•"•*•••• 0 "*•-««- mm»~mm*t~mmm Q

Anphiboll Sizi Distribution
Fibir Lingthi Rangi (microns)——— 0 . 0 Mun 0
Fibir Dianittri Rtngt(nlcront)—— 0 0 Mun 0
Aipict Ratioi Ringi———————— 0 0 Mun 0
A,2 Total nunbir of bundlts——— 0————————— 0

Mass (ng)™—•——.—— o-———"————- 0

,...- A,3 Total numbtr of clutttri——— 0————————— 0
Bit Mitt (ng)———————— 0————————— 0

A,4 Total nunbtr of natrlx/dibrls—' 0—•—.—-—— 0
i M,,. <ng)————————— o-————————— 0

8.1 Total nunbtr of aitatstoi structuris——

8,2 Chrxsotili——————————— 0———--——— 0
6.3 Anphlbolt-——————————— 0——-——————— 0

Crocldolltt—
Trtnolitt—-
Anosltt———
Anthophxlllti-
Actlnolitt—-

C.I Total nass of asbistos analxsidi (ng) — ————————— 0
D.I Total nunbir of structuris ——— -- —— •- I — •• ———— ...... 2550

E.I Not idtntifltd structurts ———————— I ———————— — 2330

F.I Cmmentsi Hght HohrU

A R 3 Q I I I 2

B-161
i

fel«.,n,.»«...."W--"TO———. .. ...

{lined In thia {tame it not a, ..——._,.„,:.,„-.,«.,,, M,.tn4*~-̂
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AAP-SAR-S01-04 '
|N Trip Blink,

TEM ASBESTOS AIR REPORT |
i

CLIENT! EPA . SAMPLE DESCRIPTION) 263IC-I02.I9UNASHED s~\
EMS LABORATORY NO. 9771.1 RECEIVED) ' ANALYSED) 1987 !,, J'j
FILTER TYPElMILLIPORE AREA OF FILTER IN mV2l 383
VOLUME OF AIRl 1000 AREA OF SAMPLE ANALYSED IN nw'2) .149

COUNTED IN TEM CALCULATED PER FILTER r I

A, Asbistos Structuri Discrlptloni '
A,l Total nunbir of fibers—-—— 0—————————• 0

Mass (ng)————————— 0————————— 0 {"'
A.I.I Chr/sotlie Nunbir—— 0—————•——— 0 [,

Mass (ng)-c-——— 0————————— 0
Chrxsotlll Sin Distribution - ,

Fibir Lingtht Rirgi (nlcrons)——— 0 0 Mun ' l
Flbtr Dianitiri Rangi(nlcroni)—— 0 0 Mun , I •
Aipict Ratioi Rangi————————— 0 0 Mun

. A.2.1 Anphiboll Nunbir—— 0————————— 0 U.
Mass (ng)———— • 0————————— 0 . *'Ui

Anphibolt Slzi Distribution
Fibir Lingthi Rangi (microns)—'-- 0 0 Mun 0 p11
Fibir Dlanttiri Ringi (nlcrons)——> 0 0 Mun 0 (_

• Aipict Ritloi Ringi———-————• 0 0 Mun 0 '

A.2 Totil nunbir of bundlu——— 0—-——————— 0 f
Miss (ng)————————— . 0—-——————— 0 f

A.3 Totil nunbir of clusters——— Q.............——.. g
Has* <ng)————-——— 0————————- 0 f*f

A.4 Total nunber of natrin/dibrl*— 0———————— 0
Ha»» (ngl————————— 0———-————— 0 Eg

B-.l To»»» nunbtr of nbtitoi ttrunturet--—

6.3 Anphibolt———————————— 0—————————— 0 • {'
B.2 Chrxiotlle————-————— 0————————— 0

ibole———————————
Crocldol lie———-———
TrinolIti-
Anosltt————
Anthophxlllti-
Actlnolltt——

C.I Total nan of aibiitoi malxiidi (ng)— •-————-—- o

D.I Total numbir of itructuri*—————- fl-———-——— 0

E.I Not idintlfiid itructurts———————• 0————————— 0
F.I Ca-nint.. *H "i"- debris ._______________________

B-162

•iĤ tht̂ paQt filmtd In thia {tame la not aa teadable..ot legible, aathla^-
label, It la due to aubatandatd colon on condition o{ the otlglnal page.
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AAP-SAR-S01-04 , '
Trip Blink,

TEM ASBESTOS AIR REPORT
CLIENT) EPA . SAMPLE DESCRIPTION) 243IC-I02.I9UNA8HED
EMS LABORATORY NO. 9771,1 RECEIVED) ' AWLYSEDi 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN nn'2l 383
VOLUME OF AlRl 1000 AREA OF SAMPLE ANALYSED IN m'2i .149

q
COUNTED IN TEM CALCULATED PER FILTER

Aibntoi Structuri Ducrlptloni
A.I Totil numbir of fiber*—————

Mi»» (ng)——————
A.I.I Chrxtotllt Numbir

Mm (ng)-r—

0-——...-.-.-— o f"
fl............——.. o ( ,
Qm~~m~m~mm~m»mmm*,mm ft

Chrxio li Sizi Distribution
0 0 Mun
0 0 Mun

8-.1 let*? nunbir of nbnto* ttructuru—— 0-
B.2 Chrxtotlli——————————— 0-
B.3 Amphiboli————-————— 0-

Croc I dot I te
Trtnol I ti

B-162

I.Fibir Length) Rangi (nlcron*)——
Fibir Dianitiri Rangi(nlcroni)—
Aipict Ratioi Range———————— 0 0 Mtan

. A.2.I Anphlbole Numbir— 0————————— 0
Mm (ng)———— • 0————————— 0

Anphibolt Slzt Distribution
Fibir Length) Ringi (microns)——— 0 0 Mun 0 P?
Fibir Dianitiri Range(nlcrons)—— 0 0 Mun fl l_
Aipict Ratio) Rangi———————— 0 0 Mun 0 *-'

A,2 Total nunbir of bundlis——— 0—;——————— 0 f'
Mass (ng)————————— . 0——-—————— 0 f

A.3 Total nunbir of clustirs——— 0————————— fl ar
Mast (ng)———————• 0————————- 0 (I

V_/§'|.

A.4 Total numbir of natrlx/dibrls— 0————————— 0
Mase (ng)———————— 0———-————— 0 m

I
Anthophxl 11 ti—————— —————————Actlnol I ti——————— .................. _

C.I Totil mass of aibutos inalxsidi <ng>— •-—————— 0 •

0,1 Totil nunbir of strueturis——————— 0————————— 0 I
E.I Not identiflid itructuns——————— 0————-•——— 0 '
F.I cnm-nt..) Very light debris ,__________________________ ,

A R 3 0 I I I 3 Q

.,-̂ ^ In thia {tame la not aa .
label, it it due to tubttandand colon on condition o{ the otlgAnal page.



EMS

ON AAP-SAR-S02-05
Souchwcic ilope of Locuic KVeei^Eflli AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTION! 243IC-l02-20flSHED'
EMS LABORATORY NO. 9771.1 RECEIVED! ANALYSEDiMAY 10, 1987
FILTER TtPElMlLLIPORE AREA OF FILTER IN nn'Zi 383
VOLW1E OF AIR) 1904,83 AREA OF SAMPLE ANALYSED IN mn'Zi .136

COUNTED IN TEM CALCULATED PER m'3

A. Asbestos Structuri biscrlptloni
A.I Totil nunbir of fibers-———— 15-——————— 19400

Mass (ng>————-————— .0000766——————•-—— .0992
A.I.I Chrxsotllt Numbtr—— 13—————————— 19400

Mass (ng)————— .0000764—————————— .0992
Chrxsotllt Slzt Distribution

Flbtr Ltngthi Ringt (microns)——— .4 3 Mun -73
Flbtr Olinttiri Ringt(mlcrons)—— .03 .075 Mun ,0313
Aiptct Ratlot Ringi——-————— B <IO Mun 13.7

A.2.1 Anphlboli Numbir—— 0—————————— 0
Man (ng)—-.—— 0————————— 0

Anphiboll Slzi Dlitributlon
Fibir Ltngthi Ringi (microns)——— 0 0 Mun 0
Fibir Diimittri Rangi(microns)—— 0 0 Mun 0
Aipict Ratioi Ringi———————— 0 0 Mun 0

A.2 Total nunbir of bundlis——— I————————— 1300
Mass (ng)—————-——— .000018-1—————————• .0230

A.3 Total nunbir of clustirs——— I————————— 1300
Miss <ng)-——————— ,0000829——————— .107

A.4 Total nunbir of nitrlx/dibris- 3————————— 3890
Mill (ng)—————————— .0000094————•————— .0122

6.1 Total nunbtr of aibntoi structuru-—~ 20—*—————— 23900

6.2 Chrxiotlli——————————— 20—————————— 25900
8,3 Anphiboll———————————— 0—————————— 0

Croc idol Hi——
Trtnolltt.——
Anoilli———
Anthophxlllti—
Actlnalltt——

C.I Total mail of atbtstot inalxstdi (ng)— ,000187-——'—......... .243

0,1 Total numbir of structuris——————— 20———•————- 25900

E.I Not idintiflid itructurtt———————— 0—————————— 0

F.I Corcmtntll___BECAUSE OF HEAVY ClS04, 1/2 OF THE FILTER WAS ASHED AND RESUSPEHDED ON
( Light debcii after lining)

A 23m» MCE FILTER.

B-163

:•' U the page filmed in tkit framt it not at teadabl.e_o* .legible,aa. thia
label, It la due to aubatandatd colot ot condition o{ the otlglnal page.



ON. AAP.SAR.S03.06
Downwind slope by TEM ASBESTOS AIR REPORT

CLIBJr)lerEPA SAMPLE DESCRIPTION! 2631C-I02-21ASHED
EMS LABORATORY NO. 9771.1 RECEIVED! ANALYSEDiMAY 8, 19B7
FILTER TYPElMILLIPORE AREA OF FILTER IN mm'2) 385
VOLUME OF AIR l 2049.3 AREA OF SAMPLE ANALYSED IN rnn'2i .183

COUNTED IN TEM CALCULATED PER in'3

A. Asbettot Structure Detcriptloni
A.I Totil number of flberi————— 20————————— 20500

Mist (ng)—————•——-— .000183—-———————— .188
A.I.I ChrxtotMe Number—— 20————————— 20300

Mitt <ng)————— .000183—————————— .188
Chrxtotile Slie Distribution

Fibir Length) Ringe (nlcrons)——— .9 8.29 Mem 1.9V
Fiber Diameter! Rangt(mlcrons)—— .03 .075 . Mean .0523
Atpect Ritioi Ringe———————— 4.67 149 Mem 30.7

A.2.1 Amphlbole Nunber—— 0————————— . 0
Mitt (ng)———- 0————————— 0

Anphibole Size Dittrlbution
Fiber Length! Ringe (microns)--—• 0 0 Mem 0
Fiber Dianitiri Ringe(nlcrons)—— 0 0 Mem 0
Atpect Ritloi Range-—————— 0 0 Mun 0

A,2 Totil nunber of bundlet——— 0————————— 0
Mist <ng)———————— 0—————-—— 0

mA.3 Totil number of clusters——— 0——•—————— 0 C!
Mist (ng)———————— 0————————— 0

A.4 Toti) number of mitrlx/debrls— . -)————————— 4110 ]
Miss (ng)—————————— .0000234—————————— .0242 '

B.I Totil number of isbestot structures—— 24————————— 24400

F.I CanffltnUi H.r.in* of htavy CaSO.. 1/1 of the filter was ished and resuspended

B-164

n thia {tame la, not aa teadablei,1tft,|efllblem«a.,.thi-»l&
labeli it it due to tubttandand colon on condition o{ the otlglnal page.

t
B.2 Chrxtotlle ———————————— 24 ————————— — 24400
B.3 Anphlboli ——————— - ——— 0 ————————— 0 r

Croc i do) I te ———————— — — - ———— •-
Trimol i te ———————
Ann«l t*.......... ......... _ ........ Ifrom i if- - - - - - - .................. i
Anthophxlllte —————— ———————— •- I
Ac 1 1 nol i te ———————— ———————— --

C.I Totil mitt of isbettot inilxtedi (ng) — .000207 ————————— .212 |

D.I Totil number of »tructure* ——— - ——— 30 ————————— 31300

E.I Not Identified ttructuret ——————— 24 ———————— -- ftjfjo§0lll5 '
H.r.in* of htavy CaSO..
on a'25iimHCE filter.



)H AAP.SAR.S04.07
Lagoon - bet. Locust St.TEM ASBESTOS AIR REPORT

_ 'File and Plant file
P) CLIENT! EFA SAMPLE DESCRIPTION! 263IC-I02-22ASHED
f EMS LABORATORY NO. 9771,1' RECEIVED! ANALYSEDiMAY 4, I?B?

FILTER TYPElMILLIPORE AREA OF FILTER IN mm'2i 383
VOLUME OF AIRi 1910,25 AREA OF SAMPLE ANALYSED IN mm'2i .1014

( COUNTED IN TEM CALCULATED PER m'3

A. Asbestos Structure Description)
( A.I Totil number of fibers————— 84———-——— Io7000
I Hits (ng)——-——————— .000942——————•—— !•?!

A.I.I Chrxwtlie Number—— 84-———-———— 147000
• Miss (ng)———— .000962——————•—— I.H

Chrxsotllt Size Distribution
1 Fiber Length) Ringe (microns)——— .4 11.25 , Mean 1.393

Fiber Dianitirt Rmge(mlcront)—— .029 .25 Mem .039
(' Aspect Ritioi Ringe———————— 3.4 223 Mem 29.7

A.2.1 Amphlbole Number—— . 0--———————— 0
Miss (ng)———— 0————————— 0

Amphibole Size Distribution
Fiber Length! Ringe (micron*)——— 0 0 Mean 0
Fiber Dlinetir.i Rmgi(micron»)—— 0 0 Mim 0
A«pict Ritloi Ringe———————— 0 0 Mem... 0

A.2 Totil number of bundles——— 3————————— W20
Mist (ng)——————7—— .00333—————————— 4.61

P A.3 Totil number of clusters——— 0—-—————— 0
Mits (ng)———————— 0————————— 0

at
A.4 Totil number of mitrix/debrlt- 14—————————— 27800

Mm (ng)————————— • .000114-———————— .224

8,1 Totil number of isbettos structures—— 103————————— 204000

B.2 Chrxsotile——————————— 103—————————— 204000
8,3 Amphibolt———————————— 0————————— 0

Croc idol Iti—
Trimoliti——Anosite———.
AnthophxlI ill-
Act Inol I tt—•

I C.I Totil miss of isbtstos milxsidt (ng>—• .00441————————— 8.74

D.I Totil numbir of structuris——————— 114—————————— 230000

' E.I Not Identified structures———————— 13————————— 23800

F.I Camitntii Because of heavy CaSO.. 1/2 of the filter wis ashed and resuspended

Q ,-».-«nit.,. ftR30Hf»

B-165
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EIYJS .AU

AAP-SAR-SOS-08
North corner of Plmt P.6

Croc i do) i tt—————-— ..................
Trinoliti——.....—... ..................
Amos! ti————•—.—— ————,.-.,,.——.
Anthophxlliti—————— —————-.......

C.I Total nats of asbistos analxsidi (ng):-- .00011———---——- .434

0.1 Total numbir of structuris———..... 27™———....... 2ii70fl

E.I Not idtntlfitd structuris——————— 11————————— 11900
F.I Commintu Ho<*«rit» debris - «tt«r mtilni. B.caun ot htavy CaS04, 1/jj Motlm. .

filter w»§ iihed and rtiuiptradtd on • 25 n MCE fllttr, '

B-166

E.

ON I
TEM ASBESTOS AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTION) 263IC-102-23 Ashed f
EMS LABORATORY NO, 9771.1 RECEIVED) ANALYSED) 1967 I
FILTER TYPEtMILLIPORE AREA OF FILTER IN ran121 383
VOLUME OF AIRl 1998 AREA OF SAMPLE ANALYSED IN Ml'21 .181 r»

COUNTED IN TEM CALCULATED PER m'3 -•••

A. Asbistos Structurt Discrlptloni '[.""
A.I Totil nunbir of flbirs————— B™——————— 8520 [..

Mil* (ng)———————— ,0000551———-———<•—— .0367
A.I.I Chrxiotlit Nunbir—— 8—————————— 8320 ,

Mil* (ng)————— .0000351-—————————— .0387 F
Chrxiotlli Sin Dlitrlbutlon V* |

Fiber Length! Ringi (nicrons)——— .3 1,05 Mun .815
Fiber Dianetin Ringt(mlcrons)—— .05 ,1 Mun ,0623 _.
Aspect Ratloi Rangi—————>•—— 4 21 Mian 13.8 Ir

A.2.1 Anphiboll Nunbir—— fl————————— 0
Mass (ng)———— 0————————— 0 f

Anphlboli Sin Distribution I
Fiber Length! Rangi (microns)——— 0 0 Mian 0 ""•
Fiber Dianetin Ringi(nicront)—— 0 0 Mian 0
Aspect Ratioi Rangi———————— fl 0 Mian 0

A.2 Total nunbir of bundlis——— 2————————— 2130
Mass (ng)——————-— .0000411-——————-—— .043 >

PS
A.3 Total nunbir of clustirs——— 2————————— 2130 L_

Mass (ng)—————————• .000289—————————— .308

A.1 Total numbir of matrlx/dibris- I-————————— I040 f'
Mass (ng)————————— .0000014—————————— .00189 , *-•

6,1 Total nunbir of asbtstos structures—— .13.........—....... 13800 C

6,2 Chrxsotlll———————————— 13—————————— 13800 **''
6,3 Anphiboll————•——————— 0—————————— 0

... in thia {tame la not aa neadable..on legible.at. th^t^'label, It la due to AubAtandand colon on condition] o{ the otlglnal page.



{ ntfis
(-• SAR-S06-09
' " SouthiMC comir of plant pile.

j " °N TEM ASBESTOS AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTION! 263IC-I02-24ASHED
EMS LABORATORY NO, 9771,1 RECEIVED) AMALYSEDlMAY 10, 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN mn'2l 383
VOLUME OF AIRi 1916,7 AREA OF SAMPLE ANALYSED IN nt'2l .149

( COUNTED IN TEM CALCULATED PER m'3

t A. Asbntos Structuri Ditcriptlont
A,I Total nunbir of fibers————— 9————————— 10500

/• Man (ng)—————————— .0000398——————-——— .0444
I A.1,1 Chrxsotlll Nunbir—— 9——————-— 10500

Man (ng)——•— ,0000398———.........— ,MM
Chrxiotllt Slit Distribution

Fibir Lingthi Ringi (nlcronD——— .13 .95 Mun .47
Fibir Dlantttri Ransi(nicroni)—— .03 ,073 Mt.n .0355
Aipict Ratioi Ringi——-————— 8.67 19 Mt.n .12.1

I A.2.1 Anphiboll Numbtr'—— 0—————.——— 0
I.. Mass (ng)——— • 0————————— 0

Amphiboli Slzi Distribution
I.1' Fibir Lingthi Rangi (nicrons)——— 0 0 Mun 0

i Fibir Olanitiri Rangi(nlcrons)—— 0 0 Mian 0
': , Aspect Ratloi Range———————— 0 0 Mtan 0

P A,2 Total nunbir of bundlis——— 0————————— 0
Man (ng)———————— 0————————— 0

,-• A,3 Total nunbip of elusttrs——— 0————————— 0
|i||i!i Hiss (ng)—————— 0—————— 0

A.1 Total nunbir of natrlx/dtbris— • 0————————— 0
..... Mill (ng)-———-—'—— 0——'——————— 0

' B.I Total nunbtr of atbtitos «tructurti—— 9————————— I0500
;• B.2 Chrxsotili——————-————— 9———.......—— I0500
' 8.3 Anphibolt——————-————— 0——————— o

Croc Idol Itt—
Trtmolltt——
Anoilti——•-
Anlhophxllltt-
Actlnollte——

C.I Total man of aibtstos inalxtedi (ng)— ,0000398—————————— .0166

D.l Totil numbir of structuris——-———•— 13———————•— 15200

E.I Not Idtntlfltd structuris———————— 1———•——•—— 4480

F.I Comntntsi__BECAUSE OF HEAVY CaSOl, 1/2 OF THE FILTER MAS ASHED AND RESUSPENDED W

A 2Enm MCE FILTER. Hodnr.tf. debrii iftar -ahinn.______________fl R J 0 1 I 18

B-167
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102-42 AAP-RAR-R09-24
/ Morris Rd. 10C yds south of
- Butler Pike

TEH ASBESTOS AIR REPORT

ICUEHTl U.S. E.P.A. SAS 243IC SAMPLE DESCRIPTION! 243IC-I02-42
' E1S LABORATORY HO. 9733.11 RECEIVED! ANALYSED!JUNE 1, I987
FILTER TYPElMILLIPORE AREA OF FILTER IN mm'Ji 383
'.'3LW1E OF AIR! 3054 AREA OF SAMPLE rtNALV'S:." IN itfll'2) .148

COUNTED IN TEM CALCULATED PER m'3

A. Asbestos Structure Description;
A.I Totil number of fibers-———-- 33..,....————— 28100

Miss (ng)——————————— ,000288———•————— .243
A.I.I Chrxsotlit Number—— 33—-—-———— 28100

MISI <ng)————— .000288—-——————— .243
Chrxtotile Size Distribution

Fiber Length! Ringe (microns)——— ,4 3.6 Mean 1,2!
Fiber Diameter) Rangttaicrons)—— .023 .1 Mean ,9525
Aspect Ritioi Range————————— 5.33 80 Mem 25,9

A.2.1 Amphiboli Number—— 0—••————•—, 0
Miss <ng)———— 0————————— 0

Anphiboll Slzt Distribution
Fiber Length) Ringe (microns)——— 0 0 Mem 0
Fiber Diameter) Range(microns)-—— 0 ' 0 Mem 0
Aspect Ritloi Ringe———————— 0 0 Mem 0

0 A,2 Totil number of bundlis——— 4————————•— 3410
Miss (ng)———————— ,000134————————— .114

A.3 Totil number of clusters——— 0———-———— 0
Miss <ng)———————— 0————————— 0

A.4 Totil number of mitrix/debris-- 2————————— 1700
Mm (ng)——————- .5000129—————-- .0109

.,8,1 Totil number of isbestos itr.c.tures—— 39————————— 33200

B.2 Chrxwtile——————•——-— 39——————— 33200
B.3 Anphlbole———————————— 0—————————— 0

Crocidolite—
Tremolite——
Amo»i te———
Anthophxllite-
Actinollte—-

i'.l Totil nit* of asbtttos milxsedi (ng)— ,000437————————— .372

.1 Total number of structures——————— 47————————— 37100

, Ll Not identified structures———————— 28—————————— 23800

,' \ 1 Comments)___MODERATE DEBRIS. HEAVY, SMALL PARTICULARS. n n " n i ionV . ———Anol) i 120
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102-43 AAP-RAR-R10-25
Intersection of Kiln St. and BcnnocKburn Ave.

N TEM ASBESTOS AIR REPORT

B.2 Chrxsotile ——————————— 43 ————————— 44700
Bt AMM|I i hMi *»___«_•••••«••••••••*• n •>-••••••••*••* ... nI J f̂jpn iggif— ••"—•«»"«»•-""«•"••"• •̂ -•-————•••••••̂ ••••« |J

Anthophylllte
Al*f InAl I tam»B»B»m-

E
(~\,..

CLIENT! U.S, E.P.A. SAS 243 1C SAMPLE DESCRIPTION! 2431C-I02-43 I
ENS LABORATORY NO, 9733.14 RECEIVED) ANALYSED I JUNE 8, I9S7
FILTER TYPElMILLIPORE AREA OF FILTER IN l»V2l 3B5 r
VOLUME OF AIR) 2404 AREA OF SAMPLE ANALYSED IN l»'2l .194 J

COUNTED IN TEN CALCULATED PER m'3

A. Aibeitoi Structure Description! I
A.I Totil nunber of flbert— — — •- 34— ——— — -— 33400

Hit* <ng> —————————— .000343 ————————— .377 I'
A. 1,1 Chrywtlle Number —— 34 ————————— 33400

HIM <ng) ———— .000343 ————————— .377
Chrxsotile Size Diitrlbutlon f

Fiber Length! Ringe (nlcrons) ——— .4 10.2 Mem 1.249 f
Fiber Dlwitin Rangt(nlcrons) —— .029 .1 Mem .04899 . R.
Aspect Ritloi Ringi ———————— 8 102 Mem 29.4

A. 2. 1 Aiphlbole Nunber —— 0 ——— - ————— 0 [_
HIM <ng) --"""—• Q...— ............. g

Aiphlbole Size Distribution ^
Fiber Lingthi Ringe (nieroni) ——— ' 0 0 Mem 0 I:
Fiber Olaniteri Ringe (microns)—-- 0 0 Mem 0 m
Aspect Ritloi Ringe ———————— 0 0 Mem fl
A.2 Totil nunber of bundltf,— — •- 4 — - — - — - — — 4240

Mass (ng) ———————— - .0002W ————————— ,30B
/.•f

A. 3 Totil nunber of clutter* ——— 0 ————————— 0 I
HIM <ng> ———————— 0 ———— - ———— 0 v

A.4 Totil nunbir of ni.rix/debrli-- 3 ————————— 3120 [
HIM <ng) ————————— .0000128 ————————— ,0133 V

8.1 Totil nunber of isbestos »tructurei— — • 43 — — - ————— • '44780

^

Î

C.I Totil RIM of isbestos analxsidi (no)-— .000472————————— .49?

D.I Totil nunber of structures————•—~ 45.—————.——, 44900

E.I Not Identified ttructuret——————— 2————————— 2080

F.I ccnmntii__HODERATE DEBRIS. ______________ HR3Q 1 1 2 1 Q

B-170
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102-44 AAP-RAR-R11-26
Intersection of Butler Pike and Haln St.

TEM ASBESTOS AIR REPORT

CLIENT! U.S, E.P.A. SAS 243IC SAMPLE DESCRIPTION!
SIS LABORATORY NO. 9733.14 RECEIVED! ANALYSEDiMAY 30, 1987
FILTER TY»E)M1LLIPORE AREA OF FILTER IN mm'2) 383
VOLUME OF AIR) 2412 AREA OF SAMPLE ANALYSED IN Hffl'2) >>5

CO'.NTED IN TEM CALCULATE!? PER m"3

A, Asbis'oi Structure Description)
A.I Total number of fibers————— 4——•—————-- 5900

Mass (ng)————————- .0000404——————-——•- .0399
A.I.I Chrxsotile Number—• 4—-————- 5900

Miss (ng)-———— .0000404——-—————— .0399
Chrxsotile Size Distribution

•"iber Length) Range (microns)——— .4 2,75 Hun 1.323
Fiber Diameter) Rmgi-lmicrons)—— ,03 .03 Mem ,05
Aspect Ratioi Rangi————————— 12 33 Mi*n ' 24.3

A.2,1 Amphiboli Number-— 0—————————— 0
Miss (ng)———— 0————————— 0

Anphiboll Sizi Distribution
«iber Length! Rmge (microns)——— 0 0 Mem 0
Fiber Dimeter! Rmge(microns)—— 0 0 Mem 0
Aspect Ritioi Ringe———•————— 0 0 Mem 0

A.2 Totil number of bundles——— 0————————— 0 .
Miss (ng)———————— 0————————— 0

A,3 Totil number of clusters——— 0————————— 0
Miss (ng)————————— 0————————— 0

A.4 Totil number of mitrix/dibris— I————————— ?83
Miss (ng)————————— .0000193—————————-- .0192

5,1 Total n.mber of asbestos structures—— 7————————— i3BO

9.. Cnrxsotlle——————————— 7—————————- 4880
5.3 Amphibole—————•—•—— fl———————— 0

Crocidolite—
Tretnolite——
Amo»ite——-
AnthophxMiti-
Actinolite——

C.I Toti! mist of asbestos analxtedi (ng) — .0000401 —————————— .0391

D.I Toti! number of itructures ——————— II ————————— 10600
-.1 Not identified itructures— --— — —— 4— ................ 3730

Comments) ___ VERY FINE DEBRIS EVERYWHERE. SCANNED
SMALL FIBERS. MODERATE AMOUNT

AT 20,000 IN ORDEflft30r|MlB JNT
MOUNT OF VERY LARGE PARTl.L'tfc-*

B-171
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102-4S AAP-RAR-R12-27 , (,
Near Maple Ave., northeast of reservoir

A.2 Totil nunber of bundles——— I————————— 1230
Mil* (ng)———————— .0000172————————— .0211

A.3 Totil nunber of clusters——— 0————————— 0
Miss (ng)———————— • 0————————— 0

A.4 Totil nunber of mitrix/dobris— 2————————— 2430
Miss (ng)————————— .000785—————————- .942

3,1 Totil nunber of isbestos structures—— 17————————— 20800

B-172
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label, It Aa due to aubatandatd colot ot condition o{ the otlglnal page.
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\\
TEM ASBESTOS AIR REPORT ' Q,

CLIENT! U.S. E.P.A. SAS 243IC SAMPLE DESCRIPTION! 2431C-102- 45 '
EMS LABORATORY NO. 9733,14 RECEIVED) ANALYSEDiMAY 30, 1987
FILTER TYPEiMILLIPORE AREA OF FILTER IN rom'2l 385 I*
VOLUME OF AIR! 2109 AREA OF SAMPLE ANALYSED IN mm'2i .14? T |

COUNTED IN TEM CALCULATED PER Di'3

A, Aibeitos Structure'Descrlptioni
A.I Totil nunbir of flbirs————— 14————————— 17200

Miss (ng)————————— .0000941————————— .113
A.I.I Chrxsotile Number—— 14————————— 17200

Mm (ng)————— .0000941——-——•—— .113
Chrysotile Size Distribution f

Fiber Length) Ringe (microns)——— .35 1.9 Mem .945 M
Fiber Dimeter: Rmge(mlcrons)—— ,025 ,075 Mem ,0555
Aspect Ratio! Range———————— 8 38 Mem 17.3 .

A.2.1 Amphloole Number—— D————————— 0 -U
Mist (ng)———— 0————————— 0

AnplUbole Size Distribution f I
Fiber Length! Rmge (nicrons)—— 0 0 Mem 0 I
Fiber Diameter! Ringe(microni)—— 0 0 Mem , 0 '
Aipict RitJoi Ringi————————— 0 0 Mem 0

AB.2 Chrxsotile——————————— 17—————————— 20BOO
B.3 Amphibole———————————— fl-————————— 0 c i

' I ICroc I dol i te———————— —————••••——- Ul'
Tremolite————————— —————————
Amosite—————————— —————————
An thophxl 1 i te—————— ————————-

,. Actlnolite———————— ——.........._

:.l Totil miss of isbestos malx*edi (ng)— .000894—————————— 1.1

'.I Totil nunber of structures——————— 27—————————— 33100

I,I Not identified »truc»ure»———————— 10—————————

.1 Comment*)__.MODERATE DEBRIS, SMALL PARTICLE GYPSUM FIBERS NOT COUNTED.

________LOTS OF CALCIUM SULFATE. _____________.



X 102-44 AHF-RhR-RI3-2S
Q.,«r Maple nve. west of TEM ASBESTOS AIR REPORT
j ruervoir,
> CLIENT! 'U.S. E.P.A, 243IC SAMPLE DESCRI»Ti:Ni 243IC-102-44 •«•.

EMS LABORATORY NO. 9733.14 RECEIVED) ANhLYSEDlJUNE 15, 19e"
FILTER TYPElMILLIPORE AREA OF FIL.TER !'* flffl'2) ?85
;OLUME OF AIR; 2789 AREA OF SAMPLE ANALYSED IN mi,'2; .228

COUNTE: IN TEM CALCULATED PER FILTER
A. Asbestos Structure Description!

A.I Totil number of fibers————— 33--—————-—•- 20000
Miss '.ng)—————————— • .000257——————-—— .154
A.I.I Chrxsotill Numbir—— 33——————....... 20000

Mass (n?)————— .000217—————————— .154
ChrvioMt Slzi JUtributisrt

Fiber Length! Range (microns)——— .33 3 Mtm ::,.:•>
Fiber Diameteri ,Rangi<micron.)—— ,533 •.: ?lun ,.~"
Aspect Ratio) Rangi-———————— 7 100 Mun i

A.2.1 Amphibole Number—— 0——-—————— i
Miss >nj)———— 0————————— 0

Aroph.bole Size :;i;ributier,
Fiber length) Ringe (micron)——— C '. Mtm
Fiber Dimiti'i RangKmlcront,1—— J : Mtan
Aspect Ratio) Range————————— 0 C Mun

A.2 Totil numbtr of bundle*——— 2————————— I21S
Mas* (ng)————————— ,OOCC:04—————————— .0547

!>•• rt.3 Tctj) numbir of clust«"i——— 2—————————— 1210
Mass (no)—————————- .OOCC-J2——————•——— .0251'

*i,-i Total numbtr of mt.trIx/debr ,*•• i.................. 5̂ 30
Kiss -InfS—————————— .OOCOrS?—————————— .0-11?

,1 Tot*'' nuroser of asbtitcs itru.turts-™- 43—.—............ 24000

r
E.2 Ct>"/sotlle———————- -3-
B.3 mtpMbole———————————— C-

Crociaolite——————
Trimolite———————
Adiosite—————.——.
Anthophylllte—————
Ac'.ir,:'ite————————

j ,1 Totil mass of asbntoi anilysedi <ng — ,000-519—————————— ,27S

C1.! Total nun.:,t- of structures——————— !?—————————— 35700

I .! No', idtntifitd itructui-ei———————— 14——————-—•
'112-f

Conmint*!___HEAVY TO MODERATE DEBR3S, STWLL PrirTICLES, LnP.GE MftSSIVE PARTICLES,

B-173
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102-47 AAP-RAR-RH-20
Floodplaln-west of lagoons

TEM ASBESTOS AIR REPORT (I

CLIENT! U.S. E.P.A. SAS 243IC SAMPLE DESCRIPTION! 243IC-102-47 I
EMS LABORATORY NO. 9733.14 RECEIVED! ANALYSEDiJUNE 2, 1987
FILTER TYPEiMILLIPORE AREA OF FILTER IN mm'2! 383 f
VOLUME OF AIR) 2344 AREA OF SAMPLE ANALYSED IN nW2i .153 (

. COUNTED IN TEM CALCULATED PER l»'3 A, :

A, Asbestos Structure Description) '
A.I Total number of fibers———— 23——————- 22400

Mass (ng)————————— .000131————————— .148 I
A.I.I Chrxsotile Number— 23——--———— 22400 I

Miss (ng)————— .000151—————————— .148
Chrxsotile Size Distribution f.

Fiber Length) Ringe (micron*)——— .4 2.5 Mem 1.083 !|
Fiber Dimeter! Ringt<inlcron»>—— ..023 .073 Mean .031 M>
Aspect Ratl'oi Range————————• 8 72 Mem 21.9 .

' PA,2,1 Anphibolt Number—r- 0————————— , 0 IL
Miss (ng)———— O1————————— 0

Amphibole Size Distribution rf
' Fiber Length) frnge (nicroni)——- 0 0 Mem 0 I

Fiber Dimeter! Rangt (micron*)—— 0 0 Mean 0 *•
Atpect Ritioi Ringe———————— 0 0 Mean 0

A.2 Totil number of bundle*——— 2———————— 1940 C/Sst.
Mil* (no)—————————— .0000339——————————— .0333 ,,

n.» MIY>———————————— »————————————— v

A.4 Totil number of mitrlx/debri*— I————————— 981 f
Mil* (ng)—-•——————— .0000235——————-——— .025 I

8,1 Totil number of itbettot itructures—— 24—————————— 25500 {.

B.2 Chrxwtlle————--.—————— 24———-—-——— 23300
3.3 Amphibolt—————'-'———•—— 0—————————— 0

Crocidolite—
TrenolIte——
Amosite———
Anthophxime-
Actlnollti—•

C.I Toti! mis* of itbiito* analx*idt (ng) — .00021 —————————— .204

D.I Totil number of structures ——————— 24 ————————— 23300

E.I Not identified structures ———— • —— 0 ———— . ————

F.l Comments! __ MODERATE DEBRIS. _________ . __________

B-174
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X. 5102-46 AAP-RAR-R08-30
/I,/ten Rd., lOOxd*. off ' TEM ASBESTOS AIR REPORT
I lorris Rd.(Dupllcite of R08-23)
1 CLIENT) U.S. E.P.A, 242IC SAMPLE DESCRIPTION) 245IC-I02-4B
EMS LABORATORY NO. 9733.14 RECEIVED! AHALYSEDlJUNE 15, I?:?
'1LTER TYPEiMILLIPORE AREA OF FILTER IN mm'2) 385

I OLUME OF AIR! 2197 AREA OF 5AMPLE ANALYSED IN mm'2! .22?

t'1 COUNTED IN TEM CALCULATED PER FILTES

•i. Asbestos Structuri Inscription!
, A.I Totil numbir of fibers————- «——————— 21300

Miss (na)——-————— ,000274——•———•-—- .14
I A.1,1 Chmotlle Number—— 42———•————— 21300

Mass (ng)———— ,000274—————————— .14
(' Chrx«otll« Size Distribution
| Fiber Length! Ringe (microns)——— , .4 2 Mem ,??!

Fiber Dimeter! Rmge(ffiicrons)——- .025 .1 Mun ,05!
,• ' Aspect Ratioi Ranje——————— 4.5 40 Mean 19.2

I A.2.1 Amphibole Numbir—• 0—————————• 0
Ma»* (ng)——— 0————————— 0

]" Anphlboli S':i Dlitrlbut'on
J Fiber Length) Range (microns)——— 0- 0 Mian 0

Fiber Dimeter! Rmge(microns)—— 0 0 Mem 0
Aspect Ratioi Range———————— • 0 0 Mtm P

A.2 Total, nunbir of bundles——— 4—————————— 3050
Mass (no)————————— ,000344—————————— .174

' A.3 Totil nunbir of clusters——— 0————————— 0
Mats <ng)———————— 0—————r——— 0

A.4 Tata* number of matrix/debris— 2—————————— 1020
Mais ing)————————- .CJ00337—————————— .0171

! Tots! number of Hbtitos itructurei—— 50—————————— 25400

S.2 Chrxsotllt————————-——— 50————-—————— 25400
E.3 Amphibole-——————————— 0————-——— a

Croc idol Iti—
Trtmoli te——
Amosite——-
Anthophxniti-
Actinollti—

I Total mass of aibeitos analysed! (ng)— ,000434—————————— .322

.l 7ot«i numbir of itructuru——————— 52—————————— 249CC

1 Not idmtif'iid structures——————• 3————•——-- 152!

' iommentit__MODERATE TO HEAVY DEBRIS. ________ _______.B]}̂ _1._ ••

B-175
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iu.-u/ »v»r-c«n-uu.-u/
. On top of the northwest tip of the plant pile ,j.

VI'til
>N '

TEN ASBESTOS AIR REPORT S~\,,,
'-I

CLIENTi U.S. E.P.A. SAS 2.31C SAMPLE DESCRIPTION! 243IC-I01-07 I
EMS LABORATORY NO. 9733.14 RECEIVED) ANALYSEDiJUNE B, 1987
FILTER TYPEiMlLHPORE AREA OF FILTER IN rn'21 383

.148

' *,.

*-

|-
VOLUHEOFAIRl 1782 ' AREA OF SAMPLE ANALYSED IN mV 2 1 .148 |

COUNTED IN TEM CALCULATED PER m'3

A. Asbestos Structure Description! '
A.I Totil nunber of fiber* —— - —— 19 ————————— 27700

HIM (ng) —————— - —— ,000103 ————————— .19 r
A. 1,1 Chrysotile Nunbir —— 19 ————————— 27700 J

Mm <ng) — • —— .000103 ————————— .15
Chrxsotlle Size Distribution ff

Fiber Length! Ringe (nlcront) ——— .49 2.9 Mem 1.035 , I
Fiber Dlaneten Range(mlcrons)- —— .029 .079 Mean ,04739 *
Atpect Ritloi Ringe —————— ----•• 10 90 Mem 22.2

A. 2.1 Anphibolt Nunbtr —— 0 ————————— fl Li.
u... f ajt\___M____ II.................. Anltt ingj y— —.—...—..—- u

Mph i bole Size Distribution g,
F.lber Ltngthi Ringi (nlcroni)——- 0 0 Mem 0 l!
Fiber Dimeteri Rmge(nicrons)—— 0 0 Hem 0 "'
Atpect Ritloi Ringe—— — '— — — 0 0 Mem fl

-fF
A. 2 Totil nunbtr of bundle! —— -- 2 ————————— 2«20 f̂ jii!

Mitt (ng) ——— ————— .0000413 ————————— .08?J ^

A, 3 Totil nunbtr of clutttri--— — 0— — — — — — 0 p:
rlltt (ug/— —.......-•»".-.. , Q.................. g

A.4 Totil nunbtr of mtrln/dibrli-- 2 ————————— 2910
Miss (ng) ———————— .8000102- —— - — ——— .0149 L

8.1 Totil nunber of isbestos structure** —— 23 ————————— 33400 i'
8.2 Chrxtotlle ————————— - —— 23 — - ————— 33400
8.3 Anphibolt ——— —— —— -— —— 0 ————————— 0 . f

CrOC Idfll I -••"•• •"• •• •.-!•.•••• ̂mmmm mmmmmmmm mmmmmm~*mm I

C.I Totil nitt of asbestos malxsedi (ng) — .000174 ————————— .239 I
O.I Totil nunber of ttructurtt—— — r- — — 26—— ———— - —— 38000

E.I Not I dint If ltd ttructurtt ——————— 3 ————————— 4380 I
F.I Cement*) __ LIuW DEBRIS. _______________________ ftRSO'l 1.27 i'""''»—
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101-08 WP-EAR-002-08,, Upwlnd-on top of pile north of test pit
,/ (Pump near B-5)

,O TEM ASBESTOS AIR REPORT

' CLIBffi U.S. E.P.A. SAS 243IC SAMPLE OESCRIPTIONl v
, BIS LABORATORY NO. 9733,14 RECEIVED. ANftLYSEDlJUNE 8,

•ILTER TtfEiMILLIPORE AREA OF FILTER IN r*V2i . 388
I rtLUME OF AIR. 2024.9 AREA OF SAMPLE ANALYSED IN m'2i .MI

COUNTED IN TEN CALCULATED PER m'3

A. Atbttto* Structuri Ottcrlpttoni
A.I Total nunbtr of flbtr*————— 23————————— 31000

Nut <ng>—-——————— .000149————————— , .228
A.I.I Chrxiotllt Numbtr—— 23————————— 31000

Mm (ng)———— .000149————————— .228
Chrysotili Slie Distribution

Fiber Lengthi Range (nleront)——— .38 4,9 Him 1.149
Fiber Dlmeteri Range(nlcrons)--— .025 .1 Ntm • .091
Atptct Ritloi Ringe——-———— 7 40 Mtm 24.4

fill-
t!!,r

A.2,1 Anphibolt Nunber—— . 0————————— 0
Mitt (ng)———• 0-———————~ 0

Anphibolt Slue Distribution
Flbtr Lingthi Ringe (nlcront)——— 0 0 Mtm 0
Flbtr Dlmtttri Rmge(nlcront)—— 0 0 Mtm 0
Atptct Ritloi Ringe——————— 0 0 Mtm fl
A.2 Totil nunber of bundle*——— ' I————————— 1390

Mitt (ng)————————— .000141————————— .217

A.3 Toti» nunbtr of clutttr*——— 0————————— 0
Mm (ng)———————~ 0————————— 0

A.4 Toti' ounbtr of nitrlxXdtbrlt— 9————————— 47-10
rim (ng)———————— .0000314————————— .0423

.1 Totil nunber of nbetto* itructure*—— 29—-—-—-——• 39108i
8.2 Chrytotllt—••————————— 29————————— 39100
8.3 Anphlbole——————————— 0————————— fl

f.nj. I jfol t 4*._ ••« __._........<•...i-roc i ooi i it——•———.- .............«—
Trenol I te————————— -—————-——
Anoiite——
Anthophyllltt-
Actlnollti——

| ,1 Totil nit* of ttbttto* analysed! (ng)— .000341————-———• .487

, M Totil nunbtr of structurtt——————— 38———•—————— 91209
j
'...I Not Idtntlfltd ttrueturts——————— 9——————— 12100
,) ARSON 28; V Comninttl___MODERATE DEBRIS. _____________________________ "
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y/
101-09 MP-EAR-003-09

,Down,w1nd of drilling (approx. 70 yds) on top of
asbtitos shingle pile on Locust St, pile
(10 yds wsf̂fA|}̂.)os AIR REpgRT

CLIENTl U.S. E.P.A. SAS 2431C SAMPLE DESCRIPTION) 2431C-101-09ASHED 1/2. _.
BIS LABORATORY NO. 9733.14 RECEIVED I ANALYSEOiJUNE 18, 1987 fly,
FILTER TYPEiNILLIPORE AREA OF FILTER IN mV2i 389 " I
VOLUME Of AIRi I8M.9 AREA Of SAMPLE ANALYSED IN fl»'2i .201 *

COUNTED IN TEM CALCULATED PER n'3 T~

A. Atbettoi Structure DtKrlptloni
A.I Totil nunbtr o* fibtrt————— 9——————— 8830 f

Mm (ng)————————— .0900781————————— .9744 |
A.I.I Chryiotllt Nunbtr—— 9————-——— 8830

Mm (ng)———— .0000781————————— .07o« .,.- l
Chrxiotllt Size Distribution I

Flbtr Ltngthi Rmgt (nlcron*)—— .49 2.9 Mtm 1,289 *<•'••!
Flbtr Olinettri Rmge(nlcroni)—— .09 ,079 Mem .0999
Atptct Ritloi Rmgt————•——— o.«7 30 Mem 23.4 I

A. 2.1 Anphibolt Nunbtr —— 0 ——————— -~ 0
Hftftf (fl̂ ) •«••••*»•" O**"1"™*"1**" * • " • •»•"• •» 0 T?

Anphibolt Slit Distribution . I
Flbtr Length! Rmgt (nicront)——— 0 0 Mem 0 *~
Flbtr Olmetiri Rmge(dlcroni) — - 0 0 Mem 0
Aiptct Ritloi Rmgt ———————— 0 0 Mtm 0 f
A.2 Total nunbtr o* bundle* ——— I ————————— 981

Mm(ng) —————— • —— .0010077 ————————— .084 «-
A.3 Totil flunbir of clutttrt ——— 0

Hit! (d̂ ) «-•••••'••••-••••»»•"••••'«—— Q ••

A.4 Total nunbtr of nitrlx/debrli— 2 ———— >' ————— 1940
Hm (ng) ———————— .0100102 —— * —————— .01

B.I Total nunber of iibettos ttructurti —— 12 ——— ; — — —— 11800
8.2 Chrysotile —————————— 12 ————————— 11 BOO ,,,1
8.3 Anphibolt ———————————— 0 —————————— 0 , A

f*» A* I *ln1 I »WriKIOOl I *

TrtMlItt
taosltt
Anthophyllltt-
Actlnollte——

C.I Total Mitt of isbesto* analystdi (ng)-— .900174—————— — - .173

O.I Total nuittr of itructurts ——————— 23 — : —— -' ———— 22400
E.I Not Idtntlfltd strueturtt ——————— - U —— •—'• ———— 10800

F.I Comentll ___ LIGHT TO HODEMTE DEBRIS. 8RIO 3-HEAVIER CHUNKS, SIMILAR TO ORIO 2.

flR30

B-178

. in thit frame la not aa teadable..ot. legible, aa tnlai.; ,
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n 101-10- AAP-EAR-004-lfl
20ydf, f. of tttt pit, 30 TEM ASBESTOS AIR REPORT

' CLIENT?' u!8.0.."A. 243IC SAMPLE DESCRIPTION! 2.3IC-IOI-IOA8HED 1/2
BIS LABORATORY NO. 9733.14 RECEIVEDl ANALYSEDlJUNE 12, I9B7
FILTER TYPElMILLIPORE AREA OF FILTER IN iw'2i 389
VOLUME OF AIRi 1822,9 AREA OF SAMPLE ANALYSED IN m'2i .24

COUNTED IN TEM CALCULATED PER FILTER

A, Afbtftos Structure Detcrlptloni
A,I Total nunber of flbtrs————— 9—————•— 792D

Mm (ng)—————- — .0000424——————- .0379
A. I, I Chrysot i 11 Nunbtr—— 9—-———••—— 7920

Mm (ng)———— .0000424————————— .0379
Chrytotlle Size Distribution

Fiber Length) Hinge (nlcroni)——— .9 , 8 Mean 1.399
Flbtr Dlintttri Rmge(nicroni)—— .029 .09 Mem .0472
Aspect Ritloi Ringi———————- 10 320 Mem 49.7

A.2.1 Anphlbole Nunber—— 0————————— fl
Mm (ng)—:— fl———————— •

Anphlbole Sixt Distribution
Flbtr Ltngthi Rmgt (nlcrons)——— fl 0 Mem 0
Fiber DI ante tin Rmgi(nlcroni)-—- 0 0 Mem 0
Atpect Ritloi Ringe—————r—— fl 0 Mem ,0

•")

A.2 Totil nunber of bundle*——— 0—————— 0
Hit* <ng)——.—.——— o——————'•— 0

A. 3 Totil nunber of cluiter*— —— 0
Mm (ng)— — —————— 0

A.4 Totil number of nitrix/debrl*-- 0 ————————— 0
Mm (ng) ———————— 0 ————————— , 0

j':iB.l Totil nunber of isbestos structure*- —— 9 ————————— 7920
8.2 Chryiotile —————————— 9 ————————— 7920

[ 6.3 Anphlbole —— ••--• • —————— 0 ————————— 0
Croc Idol I te—• •————
Trtnol i tt———••————•
Anosite————--•———
Anthophylllte——-——
Actlnolite————-——

( !.l Totil miss of itbetto* analysed! (no)— .0000424————————— .0379

,. O.I Totil nunber of ttrueturet————•-— 10————————— 8800

U, Not ,d,nt,f,,d ttructur.,———— ~ ,-————

i .1 ConntnUi__VERY L10HT DEBRIS. ALMnST NO DEBRIS.

B-179
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Duplicate of AAP-EAR-004-10 L' I1/2 filter ashed

TEM ASBESTOS AIR REPORT E

CLIENT! U.S. E.P.A, SttS 243IC SAMPLE DESCRIPTION) 243IC-IOI- 11 Ashed 1/2 of filter f*V
EMS LAB NO.i 9733.14 RECEIVED) ANALYSED(JUNE 12, 1937 I
FILTER TYPE) Ml I Upon AREA OF FILTER IN mm'21 89! '
VOLUME OF AIRt I794LJTERS AREA OF SAMPLE ANALfSED IN im'2) .231

COUNTED IN TEM CALCULATED PER M"3

Asbeito* Structure Detcrlptioni
A.I Total numbtr of fibers————— 33————————— 45000 I

Miss (ng)————————— ,000415————————— ,855
A. 1.1 Chry.otile Numbir— 32————————• 45900

Miss (ng)———— .000343————————— ,748 I
Chryiotile Sin Distr.b.tlcr «.

Fiber Length) Range (microns)——— ,3 £ Hear i.7"
Fiber Dlime'eri Rangi(microni)—— .'025 ,1 Mem ,0!J j~.
AspecURitioi Range———————— t I4C flea-. 23.. |^.

A.2.1 fimphibole Number—— !•—•———————. 2-340 .
Mm (ng)--—-.- ,0000518—•—————— .107 m\

Amphibole Si.» Distribution *--!
Fiber Lengths Rmge (microns:——— 2,2 2,2 Mean C
Fiber Dianeten Range(nricrons)—— ,1 ,! Mem '.
Asptct Ritioi Range-——-———— 22 i2 Mem :

A,2 Tstil number of bundles——— 0—————-—— "•
Mils ,ng)————————— C————————— 0

A.3 Tetil numftr of clusters——— I——————•—— 2340M.SS *fia>—————— .0000078——————— .;:»:
A.4 Totil n.mber of mitrix/debrls— , 4————————— S240

Mm (n^'i—-——————— .0000301—————————— -C.2

B.I Totil number of nbntoi »tructur»i—— 38—-——————— 78300

M Commend)__LIGHT :EBRIS.

B-180

C
B.2 Cnryss'.i'e——————————— 37————————— 7«300
8,3 ftmphibole——————————— !-————————— 2040

Crocidi'i it*——————— ..........———
Tr«mo';ti————————— ————•———
Afliosltl——————————— I——————•———— 2360
Anthophi'llit*——————— .......———.——
Actiitonte————————— —————————— j

:.l Totil mass of asbistoi mitytedi (ng)— .000453————————— ,933

).l Totil number of structures——————— 45————————— 92̂ 00 (

£.1 Not identified structures-———•—— 7——————-—— 14400

HK.UI131 Q,

.
Ii the page ̂ llned In <nla ^ame la not aa *eadable.,o*, legible, aa.
label, it la due to a«batanda*d colon on condition oi tkt otlglnal page.



nnr*tni\-uui".i,
Field blank

6

TEM ASBESTOS AIR REPORT

CLIENT! U.S. E.P.A. SAS 243IC SAMPLE DESCRIPTION! 2431C-IOI-I2
EMS LABORATORY NO. 9733,14 RECEIVEDi ANALYSEDiMAY 19, 1987
FILTER TYPElMILLIPORE AREA Of FILTER IN im'2l 385
VOLUME OF AIR) 1000 AREA OF SAMPLE ANALYSED IN inV2) .189

COUNTED IN TEM CALCULATED PER FILTER

A. Asbestot Structure Ditcriptloni
A.I Totil nunber of fibers————— 0————————— 0

Miss (ng)————————— 0———-——— 0
A.I.I Chryiotile Nunber—— 0—————— 0

Mats (ng)———— 0————————— 0
Chrxsotile Siie Distribution

Fiber Length! Rangt (nlcrons)——— 0 0 Mtm fl
Flbtr Dimeter! Rmge(nierons)—-- 0 0 Mem 0
Asptct Ritioi Rmgt—r———'— 0 0 Mean 0

A.2.1 Anphibolt Nunbir—— 0———-——— 0
Mm (ng>——— 0————-—— 0

Anphibolt Slit Distribution
Fibtr Ltngthi Rmgt (microns)——— 0 0 Him 0
Fiber Dlinitiri Rmge(nlerons)—- 0 0 Mem 0
Asptct Ritioi Rmgt———————— 0 0 Mtm fl
A.2 Totil numbtr of bundle*——• 0—————— -— 0

Miss (ng)———————— 0—-——————— fl
A.3 Totil number*, of clutter*———•, 0—•————-—— 0

<ng)--——•———— 0--———•——— 0

A.4 Totil number of matrix/debris-- 0————————— 0
Mm (ng)——————'— 0————————— fl

B.I Totil number of nbestos structure*——

8.2 Chrxsotile———————————— 0—————————— 0
8.3 Anphlbole—————•————— 0————•——— 0

Crocidolite—
Trmoliti——
Anosite———
AnthophxMIU-
Actlnolite——

C.I Totil'miss of isbettoi analysed! (ng>— 0————————— 0

l 0,1 Totil nunber of structures——————— 0————————— 0

rj-M Not Identified structure*———————— 0—•——————-flRSO i o] 32

j F.I Comment*!__VERY LIUHT DEBRIS.____________________________

H-181
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101-13 AAP-EAR-004-13
Field blank

TEM ASBESTOS AIR REPORT

VOLUME Of AIRi 1000 AREA OF SAMPLE ANALYSED IN m'2l
COUNTED IN TEM CALCULATED PER FILTER

A. Atbtftot Structure DtKrlptloni
A.I Total number of flbtri ————

Miff \ng)~ —— —— ——*
A.I.I Chrysotllt Nunbtr —

Mist (ng) ——— "-
Chrytotlle Slit

Flbtr Ltngthi Ringi (nlcront) ——
Flbtr 01 we ten Rmgt(nlcrons)— -
Atptct Ratioi lUngi— *———-——

A. 2.1 Anphibolt Nunbtr —
nati ̂ ngj"--"""""

Anphibolt Slit
Flbtr Ltngthi Rangt (nlcront)— —
Flbtr DI we ten Range(nlcrons)--—
Atatet Ratioi Rangt—— —— — —
A.2 Total nunbtr of tmndlit— — —

Mats (ng) —————— ~-
t

A.3 Total nwtbtr of elutttrt— ——
Mata (ng) ————————

A.4 Total nunbtr of nitrln/debrlt--
Mift (ng) ———————

0 ————— .

Distribution
0 0
0 0
0 0.

0 ——————
0 ——————

Distribution
0 0
0 0
0 0

Q M mmmmmm mm *••*• i

——

Mtm
Mean
Mtan

Mtan
Mian
Mtan

C
0
0•

0
0

0
0

0
0

0
0

Croc Idol Ite-
Trenol I tt—
Anotltt-
Anthophxlllte———
Actlnolltt—————

C.I Total naif of attatttot malyiidi (ng)— 0————-—— 0
D.I Total Burttr of itrueturn——————— 0————————— RB30 1 I -J-J

E.I Not Identified ttructurtt————••— 0-
F.l ComtntfJ___CLEAN, LIOHT DEBRIS. ___

-B-182•

E'

CLIENT. U.S. E.P.A. SAS 2431C SAMPLE DESCRlPTIONi , "''Sli0 . ,«, P
EM8 LABORATORY NO. 9733.11 RECEWEDi ANALYSEDlMAY 18, 1917 |
FILTER TYP6.MILLIPORE AREA OF FILTER IN i»'2i 389 _̂ r

fl

i

r
l"

I.I Total nittbtr of itbetto* structurts—— 0——-—————— 0
1.2 Chrxwtll*——————————— 0-———————— 0 f
8.3 Anphibolt——————————— 0—————————— I l

kilned In <nla frame la no< aa *eadable,.o«, legible,aa w-taywa,
i4 due to AubAtandand colon on condition pi the oniginal page.'
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102-25 MP-SAR-S01-10
'' Northeast end of lagoon

-Nl '
TEM ASBESTOS AIR REPORT

aiENTl U.S. E.P.A. SAS 243IC SAMPLE DESCRIPTION) 243IC-I02-25
EMS LABORATORY NO, 9733,14 RECEIVED) ANALYSEDtJUNE 10, 1987

i FILTER TYPElMILLIPORE AREA OF FILTER IN fln'2i 389
VOLUME OF AIRt 3347 AREA OF SAMPLE ANALYSED IN m'2i .191

COUNTED IN TEM CALCULATED PER n'3

A, Atbtftoi Structure Detcrlptioni
A.I Total nunbtr of flbtr*————— 29————————— 19000

Mass (ng)————————— .000494————————— .9
A.I.I Chrysotile Nunber— 29————————— 19000

Hits (ng)———— .000454————————— .9
Chryiotlle Slzt Distribution

Flbtr Ltngthi Ringi (nicrons)——— .4 23 Mtan 2.27
Flbtr Dlintteri Ringe(nicront)—— .029 .19 Mean .099
Aiptct Ratio! Ringe———————— 8 440 Mem 40.1

A,2,1 Anphlbole Nunbtr—— 0———————— 0
Mm (ng)—,-—-- o————————- 0

Anphibolt Slit Distribution
Flbtr Ltngthi Ringi (nicront)——— 0 0 Mian 0
Flbtr Diameter i Rmge(nlcrons)—'-- 0 0 Mtan 0
Aipict Ratioi Rangt—————— 0 0 Mtan 0
A,2 ToUl nunbtr of bundltt——— 5———————— 3311

Mass (ng)—————-—— . .00888————————— 4.74
A.3 Total nunbtr of clutttrt——-

Mass
>' A.4 Total nunbtr of natrlx/dtbrlt- 3————————— 2290

Mis* (ng)————————— .00439————————— 4.67

B.I Totsl number of isbestos structures—— 33————————— 29100
B.2
8.3 Anphlboli-:——————————— 0—

Croc I dol I te————•——
TrenolItt————————
AMrl-l *»———_—---„—,__--__-- __
nWUll W" ~™ ~ "™ ~™ —•*•

AnthophxUIti——————
A."MflAl 1 *•••.__..__..______..• _-- __ ___fisvinui i if-™'™™--"-"-"-'™'-'—•"• ••'——<•»••••——•—•••

C.I Totil nil* of asbtttot analyiidi (ng)— ,0199————————> 12.1

O.I Total nunbtr of itructuris-——-——— 33————>—-—• 29100
E.I Not Idintlf led structures——————— 0————————— 0

f.l Comentfi__flOOERATE DEBRIS.

.FIBERS 13 A 14 MERE CURVED (VERY UNIQUE). _______;

B-183

li.thtl page filmed in thit frame it not at neadablt..on legible aa na
label!, it 4.t due to tubttandand colon on condition oi the oniginal page.



A.2.1 Anphibolt Nunbtr—
Matt (ng>—

Flbor Ltngthi Rangt (nleront)-
Flbtr DlMettri Rmge(nlcront)-
Aiftct Ratioi Range-

Aiphlbott Slzt DI trlbutlon
0 Htan I
I Mtan •
I Mtan I

C.I Total MM of ttbtttof lailxttdi (ng) — . ,000322

\\
102-26 MP-SAR-SOI-11

Source field blank

TEM ASBESTOS AIR REPORT

CLIBtTi U.8. E.P.A. SAS 2431C SAMPLE DESCRIPTIONl ..., Tl
EH$ tABOMTOHY NO. 9733.11 RECEIVED. ANALYSEDiMAY 20, 1917 I
FILTCT TYfEiMIUIPORE AREA OF FILTER IN,W2i 389 "I
VOLUME OF AlRl 1000 AREA OF SAMPLE ANALYSED IN m'2i ,141

COUNTED IN TB1 CALCULATED PER FILTER I... |

A. AttMftot Structuri Diterlptloni r
A.I Total nmbtr of flbtrt--———— IS——————— 39000 I

Matt <ng)————————— ,00014———————— ,414
A.I.I Chrytotllt Nunbir—— IS————————— 39000

Naif (ng)———— .00014———————— ,4U |
Chrxsotllt Slit Distribution Iii

Flbtr Ltngthi Rangt (Microns)-—— .3 2.79 Mtan .94
Flbtr 01 we ten Rmge(nlcroni)--— .09 .129 Mtan .04 p
Aspict Ratioi Rangt———————— 9.33 32 Mtan 14.1 ^

A.2 Total nunbtr of bundltt——— 2——-———— 9200 _
Natf (ng)———————— .000142————————— .421 1

A.I Total nwbtr of clusters——— g——.———..... p
Mast (ng)———————— 0-———————— 0 f

A.4 Total numbir of nitrlx/debrls- 0————————— 0
Mass (ng)———————— 0———————— 0 fl

1.1 Tottl nunbtr of asbtttos structurt*—— 17———————— 44200 *••• '
1.2 Chrytotlla—————————— 17————————— 44290 fl
8.3 Anphlbolt——————————— 0————————— 0 L|

Croc Idol I tt——————— ————————— i
too.lt,———-~—-———. ————————— '
AfltllQpRX'l I If™111''"'11-1'11""'""'""1* mmmmmmf^mmmmm^mmmimm

Act.nollti———————— ————————— I

D.t Total Riaabtr of ttructvrtt ——————— 17 ————————— 44200
. JlV-35E.I Not Idtntlf ltd itructuru ——————— :•• 0 ————————— . -

F.I CoMtntti __ LIOMT OEBRHS. ______________________________

If'̂ m̂̂ -"-~''---.••••;-- ' • . ?' • - " ~"~
/i/,f» pffi JitM<i *'* Pi* *̂a"!e iA not a* *eaaao«..o*. /(eglble.aa.-t/ilaw-label, .4.t 4.t due tof tubttundand colon on condition oi the oniginat page.



102-26 WP-SAR-S01-11
Source field blank

TEM ASBESTOS AIR REPORT

CLIENT. U.I. E.P.A. SAS 243IC SAMPLE OESCRIPTlONl ""̂ "~" ,„, TI
EMS LABOfMTORY NO, 9733.14 RECEIVEOi ANALYSED.MAY 20, 1917 I
FILTER TY-EiWlLIPORE AREA OF FILTER IN.M*|I 389 •!
VOLUME Of AlRl 1000 AREA OF SAMPLE ANALYSED IN m'2l ,14*

COUNTED IN TB1 CALCULATED PER FILTER [,. |

A, Asbtttot Structuri Dttcrlptloni
A.I Total nunbtr of flbtrt————— 19->———————— 39000

Miff (ng)———————— ,00014——————•—— ,414
A.I.I Chrysotllt Nunbir—— 19—————-——— 39000

Miss (ng)———— ,00014————————— .414
Chrytotllt Slzt Distribution

Flbtr Ltngthi Rangi (nlcron*)——— .3 2.79 Mtan .94
Flbtr Dlantttri Ranoedileroni)--— ,09 ,129 Mtan ,04
Atptct Ratioi Rangt———————— 9,33 32 Mian 14.1

A.2.1 Anphibolt Nunbtr—— 0———————— 0
Naif (ng)———— 0———————— 0

Anphibolt Slzt Distribution
Flbtr Ltngthi Rangt (nleront)——— 0,0 Mtan B
Flbtr Dlantttri Rmge(nlcron*)—— 0 B Mtan B
Atptct Ratioi Rangt.———•—•-'— fl B Mian B
A.2 Total number of bundlts——— 2————————— 9200

Natf (ng)———————— .000142————————— .421
A.3 Total nuabtr of clusttrt-—— 0———————— B

A.4 Total nwrtxr of «atrl!«/dtbrlf-- 0———————— 0
Mast (ng)———————— 0———————— 0

1.1 Total Hwbtr of itbtftes ttrutturu-—— 17———————— 44200
1.2 Ckrytotllt—————————— 17————————— 44200

-————— 0————————— •
CrxKtollti-
TrtM'IIti—•
AHOfltf
Anthophyllltt-
Actinolltt—•

C.I Total MM of aiMttot aaalXMdi (ng)— .. ,000322——~rrrr~~- ••-*. ,,r.
O.I Tottl nwbtr of ttructurtt——————— 17———————— 44208
E.t Not Idtntlfltd itructuru———————• 0«——————— ">;!vl35

F.I CoMtntti__L18HT DEBRIS.

.CLBIN. ________B-184

** **adable,.o* legible at»-(,»» V* 7 """•-" •"• :•""-«• D/*"«i«. «•« n«* «« *iaaao4.t. .01 4.eg4,oie at ttlaiilii '/-•
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102-27 WP-SAR-SOl-12
'' Laboratory Blank

P'

1
5

'ON
TEM ASBESTOS AIR REPORT

CLIBfTi U.I, E.P.A. SAS 243IC SAMPLE OESCRIPTIONi 2431C-I02-27
IMS LABORATORY NO. 9733.14 RECEIVEDi ANALYSED (MAY 20, 1987
FILTER TYrtiM.LLlPORE AREA OF FILTER IN n'2i 389
VOLUME V AIRl IBOB AREA OF SAMPLE ANALYSED IN M*2l .194

COUNTED IN TEN CALCULATED PER FILTER

A. Atbtitot Structurt DtKrlptloni
A.I Totil nunbir of fibers————— 4————————— 19000

Hast (ng)————————— .0000207————————— .0917
A.I.I Cftrytotllt Nunbtr—— 4——————— 19000

Mitt (ng)———— .0000287————————— .0917 .
Chryiotlle Slzt Distribution

Flbtr Ltngthi Ring* (Microns)——— .9 1.29 Mem .71
Flbtr Dlantttri Rangt(nlcront)—— .029 .079 Mean .09
Asptct Ratioi Rang*'———•———— 0 90 Mtan 17.7

A.2.1 Atphlbole Nunber-
Nats <ng)-

Flbtr Ltngthi Rangt (nlcront)-
Flbtr DlMtttri Ringe(nlcroni)—
Atptct Ratioi Ringt-—————•<—

Anphiboll Slit DI trlbutlon
0 Mi*., 0
B Mem 0
0 Mtan 0

A.2 Total nunber of bund) it —— — 2- — • —— • ———— • 9000
Nan (ag) —— ; ————— .0000773 ————————— ,193

A.3 Total nunber of clusters ——— 0 ———————— 0
t*\mmmmmi,m m i - - -_ ft__M___-__ . —--—„_ A/̂ ""•'••'•" ""* •"""•"*""""" — —-•-•i y

A.4 Total nunber of mtrlx/debrli" I ————————— 2900
Mats (».) ————————— .0000248 ————————— ,047

1,1 Tottl lunbtr of asbestos structurtt —— 9 ————————— 22900
, B.2 Chrxiotllt —————————— f ————————— 22900

8.3 Aaphlbolt- —————————— B ————————— B
Crocldolltt-
Trnolltt—
AMSltl-
AothopMIItt-
Aetldolltt—

C.I Total Mtt of atbtstot milxtedi (ng)— ,800129——:————— .312
D.l.Total auBbtr. of ttructwti——~———• IB——•————~ 29000

Mot IdmtHltd (trictirtf-——-——— 1——-————— HfjQQ | | 36
.1 CoMDtti__LIOHTOCBRII. __________________________

B-185

Ii the page filmed in thit frame it not aa neadable .on legible, at thit •
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102-28-MP-SAR-S01-13
South corner of plant pile

TEM ASBESTOS AIR REPORT

CLIENT! U.S. E.P.A. SAS 243IC SAMPLE DESCRIPTION! 243IC-;l02-28 f \
EMS LABORATORY NO. 9733,14 RECEIVED! AHALYSEDiMAY 30, 1987 g |
FILTER TYPEl Ml I Upon AREA OF FILTER IN m'2i 899
VOLUME OF AlRt TOMLITERS AREA OF SAMPLE ANALYSED IN im'2i .193 ~. i

COUNTED IN TEM CALCULATED PER METER'3 «•" I

A. Atbtttof Structurt Otter IptI oni |
A.I Total nonbtr of flbtrt————— 12————————— 47100 I :

Mass (ng)————————— .00873———.-————— 48.B
A.I.I ChrytotHi Nunber—— II————————— 41900 «.

Mass (ng)———— .00014————————— ".782 Iv
Chrxsotllt Slzt Distribution b>

Flbtr Ltngthi Rmgt (nicrons)——— .4 3 Ntm 1.39
Flbtr Dlanteteri Rangedilcrons)--— ,029 .19 Mem .097 p
Asptct Ritloi Rmgt————r——— 8,33 98 Mtan 24.7 L,

A.2.1 Aiphlbote Nunbtr—— I——————-—— 9990 ' «...
Mass (ng)——— — ,00899—————— —— 48 I

Aiphlbolt Slzt Distribution '"•
Flbtr Ltngthi Rangi (nlcront)-—— ,4,9 4,9 Mtm 4.9
Flbtr Dimeter i Ringe(nlcroni)—— .9 ,9 Mtm ,9 f~w
Atptct Ratioi Rangt—————— 9 9 Mtm 9 v-P
A.2 Total nunbtr of bundlet———' 2————————— 11200 rr

Aflfl1BIJ____,—.__ ___.__.._»__ PA1 I'P1''• UUMI3~~~™"~ ™~~"™ ™ 100 A I'.'j,"

A.3 Totil nunbtr of clutttrt———••• 0———————-— 0
I

A.4 Totil nunbtr of mtrlx/dibrl.- 2————————— 11200
Matt (ng)——;—————— ,00024————————— 1.49 r

B.I Total nunbtr of isbtstos structure*—— 14——————•—— 89400 *"'"'
• 9 rtlftWflltt I tmmmm~m.mmmmm_»•»__••••• I 4_____m>__._________ fllHAA T• * Wlr 7 »H» I I W""""™"™™"1"'™""""'""""" I g-"""""*1—""--"""™™""-" D JQUV I
8.3 Anphibolt—-——-————— I—————————— 3990 L-

TPWIOI I |0-»»--l-«»1»"»«-»»««.."••"-•I. mmmmmmm^mmftm^mmimmm I

Anthophylllte—————— ——~——™.. ...
Actlnolltt - « - —— ^^ |

I.I Total nas* of asbtstos milyiedi (ng)— .90914——————— v'
).l Total nunbir of ttructurtt—————— .j,...———.................. 297^3Q1137 J

M Not Identified structurtt—•———— 30———————... UBOOO ' W

'.I Comnintti__DEBRIS EVERYWHERE, SMALL PARTICLES.
Il

B-186

... n thit frame la no< aa *eodabl.ê o/» legible. aa...j»laS'(f.'-
label, it la due to AubAtandand colon on condition ot the oniginal page.'1



102-29 AAP-SAR-S03-14
v-' Hest corner of plant pile

,,'N
>< TEM ASBESTOS AIR REPORT

CLIENT! U.S, E.P.A. SAS 243IC SAMPLE DESCRIPTION! 2431C-.02-29
EMS LABORATORY NO. 9733,14 RECEIVED! ANALYSEOtMAY 20, 1987
FILTER TYPEiMlLLIPORE AREA OF FILTER IN (OT'2i 38!
VOLUME OF AIR! 3282 AREA OF SAMPLE ANALYSED IN nm'21 ,l!4

COUNTED IN TEM CALCULATED PER m'3

A, Atbtito* Structure Description!
A.I Total number of fiber*————— 33————————— 29100

Miss (ng)—————-——— .000177————————— ,13!
A.I.I Chrysotile Number—— 33——————— 29100

Mas* (ng>————— .000177—————————— .133
Chrysotile Site Distribution

Fiber Length! Range (nlcrons)——— .3 2.1 Mun .93!
Fiber Dlimeten Rmge(mcrons)—— .02! .1 Mun .04929
Aipict Ratio! Rmgt———————— 4,e7 74 Mun 22,.4

A.2.1 Amphibole Number-— 0-————————— 0
Mats (ng)——— 0———————— 0

' , ' Amphlbole Siie Distribution
Fiber Length! Range (nlcrons)—— 0 0 Mun 0
Fibir Di ami tin Rmge(nicrons)—— 0 0 Mun 0
Aspect Ratioi Rmgt—————— o o Nun fl
A.2 Total number of bundles——— 2————————— 1320

Mist (ng)———————-—— .0000422—————————— .0474

A.3 Totil numbir of clusters———• I——•————— 742
Miss (ng>—————————— .0000078—————•——•— .00994 ,.

A.4 Total number of matrix/debris-- • 1————————— 742
Mass (ng)—————————— .0000044—————————- .00484

8,1 Total number of asbestos itructures—— 37————————— 28200

8.2 Chrysotile——————————— 37—————•——— 28200
B.3 ftnphlbole——————————— 0———————•— 0

Crocidolite——
Tremollte——
Anoslte———-
Anthophyllite--
Actlnollte-——

•• r

P-

C.I Totil mass of asbestos analysed! (ng)— ,000233—————————— ,193

D.I ToUl number of structures——————— 30—————————— 3BIOO

E.I Not identified structures———————— 13—•———-—-— 9900

F.I Comment*!__HEW DEBRIS. SMALL PARTICLES. A FEW BOULDERS. _____
AR30H3B.

B-1B7,

li the. page {limed *•* tki4 frame la not aa *eadable...o*. legibly at thJL4
-.ubel, it 4.4 due to AubAtandand colon on condition oi the original page.
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' iN
TEM ASBESTOS AIR REPORT /-y.

v.J i
CLIENT! U.S. E.P.A. SAS 243IC SAMPLE DESCRIPTION! 2431C-102-30 I .
ECS LABORATORY NO. 9733.14 RECEIVED! ANALYSED!JUNE 3, 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN mm'2i 38! r
VOLUME OF AIR! 3214 AREA OF SAMPLE ANALYSED IN on'21 .144 |

COUNTED IN TEM CALCULATED PER m'3

A, Asbestos Structure Description! *•
A.I Totil number of fibers————— 12————•———•- 9980

Miss (ng)————---— .000102———-——-—— .0848 I
A.I.I Chrywtile Number—— 12————————— 9980 'J

Ma*s (ng)————— .000102—————————— .0848
Chrysotile Size Distribution -.,

Fiber Length! Range (micron*)——— .39 S.IS Mem 1.34 I!;;;
Fiber Diameter! Rang»(nlcron»)—— .029 .1 Mem. ,0345 ft-
Asptct Ratio! Range———————— 7.3 103 Mean 27.8

A.2.1 Amphibole Number—— 0————————— '0 |_ |
Ma*» (ng)———— 0————————— 0

Amphiboli Sin Distribution -,,
Fibtr Ltngthi Rang* (nicront)——— 0 0 Mean 0 If
Fiber Diameter! Rmge(nicrons)—— 0 0 Mem 0 *•••
Aspect Ritloi.Ringe———————— 0 0 Mem 0

A.2 Totil number of bundles——-— I————————— 831
Mm (ng>:———————— .0000204————————— .017

A.3 Toti! nunber of clutters——— 0-
Miss (ng)——•———— . 0-

A.4 Totil number of mitrlx/debri*— 4———————— 3330 i
MM* (ng)————————— .000238———T————— .214 I

B.l Totil number of aibe*tos structure*—— 17———————-— 14100 t

B.2 Chry*otile———————————— 17————————— 14100 '•
B.3 Amphibole———————————— 0—————————— 0

Crocidolite———————— ————————— i,
Trimol I te———————— ..................
Amotite—————————— ————————— i
Anthophylliti——————— ...————......
Actlnollti-—-————— ———•————— '

C,! Totil mm of asbestos anilysedi (ng)— ,00038—————————— ,314 J

D.I Totil number of structuris——————— 19————————— 13300

E.l Not idtntified structures———————— 2—————————— 1440 j

F.I Comment*!___MODERATE DEBRIS, CaS04. AREAS WHERE BACKGROUND, FINE DEBRIS IS ,•",
VERY HEAVY APPROX. 20 "FIBERS' PER GRID OPENING OF CaS04, CLAYS. ETC.̂ ^ W

_____________________________________________AR30I f 39 i

B-188

. in PU i**M •*•*• not <" «adable,./M, legible aa tkit'̂*a due to a«ba<anda*d colot on condition oi the oUlglnal pagl.



102-31 MP-SAR-505-16
Center of Locust St. Pile

TEM ASBESTOS AIR REPORT

CHENTi U.S. E.P.A, SAS 2431C SAMPLE DESCRIPTION! JS?"0!?1 ,8a,
EMS LABORATORY NO, 9733,14 RECEIVEDi ANALYSEDlMAY 23, 19B7
FILTER TYPEiMILLIPORE AREA OF FILTER IN l"V2l 389
VOLUME OF AIRi 3349 AREA OF SAMPLE ANALYSED IN mn'2i ,133

COUNTED IN TEM CALCULATED PER m'3

A. Asbestos Structure Dtscrlptloni
A.I Totil nunbir of fibers————— 13————————— 11200

Mass (ng)————————— .000288————————— .249
A.I.I Chrysotile Nunber—— 13————————— 11200

Mast (ng)———— .000288————————— .249
Chrysotile Size Distribution

Fibtr Ltngthi Rmge (nlcront)——- .39 1.79 Mem .989
Fibtr Diantttri Ringe(nicrons)—— .09 .2 ' Mem .079
Aiptct Ritioi Rmge———————— 7 29 Mem 14.2

A.2.1 Anphlbole Nunber— 0————————— 0
Mitt (ng)———— 0————————— fl

Anphibolt Slit Distribution
Fibtr Ltngthi Ringi (nlcront)——— fl 0 Mean 0
Fiber DI we ten Rmge(nicrona)—— 0 0 Mem 0
Atptct Ritioi Ringi———————— 0 0 Mem 0
A.2 Totil nunbir of bundles——— 1———————*— 844

< Mats (ng)———————— ,000013————————— .0112
ii

A,3 Total nunbir of clusttrt——- |————————. 844
Mm (ng)———————— .00049————————— ,942

A.4 Totil nunbtr of nitrlx/dibrit— 0————————— 0

B.I Totil nunbtr of asbestos structures—— 19—————-—— 13000
B.2 Chrytotlle——————————— 19—•———————— 13000
8.3 Anphlboli———————————— 0—————————— 0

Croc idol Itt-
Trenol I tt—
Anthophylllte—-———-
Act I no) Itt———————

{ C.I Total nass of asbestos milysedi (ng)— .000991———————— .822
, D.I Totil nunber of structurtt—————• 21———————— IB200

E.I Not Idtntlfltd structures———————— 4————————— 9190

^ 1 Comment!i__HEWY DEBRIS. ________

' ___________SALT PARTICLES. _________L.

t B-189

Ii tht page filmed in thit frame it no* at ntadabtt.on legible at. thit •
label, it it due to tubttandand colon on condition oi the oniginal page.



102-32 MP.SAR-S01-17
Northwest end of Locust St, Pile P,

IN /~\. TEM ASBESTOS AIR REPORT L !>'
I

CLIENT! U.S. E.P.A, SAS 243IC SAMPLE DESCRIPTION! 2431C-I02-32
EMS LABORATORY NO. 9733,14 RECEIVED) ANALYSED I JUNE II, 1987 r
FILTER TYPElMILLIPORE AREA OF FILTER IN im'2i 389 I
VOLUME OF AIR) 2817 AREA OF SAMPLE ANALYSED IN ra'21 ,213 '

COUNTED IN TEM CALCULATED PER n'3 f":

A, ' Atbtttot Structuri Description!
A.I Totil nunbir of flbirs————— 44—•——————— 42300 r

MISI (ng)—————————— .000384————————— .248 I '
A.I.I Chryiotili Nunbir—— 44————————— 42300

Mm (ng)————— ,000384—————————— .248
Chrysotlli Sizi Distribution F

Flbtr Ltngthi Rmgt (nicrons)——— .49 3 Mtm 1.04 fc-
Fibtr DI ani tin Range(nlcrons)—— ,029 .1 Mtan .0909
Atptct Ratioi Rangt———————— 9 «fl Mtm 22.4 rp

A.2.1 Anphlbole Nunber—— 0————————— 0
Mitt (ng)——— Q....—............ 0

Anphibolt Slzt Distribution f
Fibtr Ltngthi Rmgt (nlcrons)——— 0 0 Mtm 0 I"!
Flbtr Dianitiri Range(nlcrons)— — 0 0 Mean ' 0
Aiptct Ritloi Rmgt—————— D 0 Mtm fl _•[

CJIA.2 Total nunbtr of bundles——— 9————————— 3210 ^-^

A«3 ToU1 nunbtr of cliuUri-—— 0-"—————— o *&
!_!__,_. *»jri\»™a.B»BmBBB»BBBmmBmB™««»BimB 1*1 _«_>_> _—_—_—_._ ftniftf i 1*9' •""••••"""•"•••••••"" . u -»-•»«•»-•—•»—•-- g rA,4 Total nunbtr of nitrix/dtbrit— 0——————-— 0 |
Mkm)Bl t HM\Bmmimimiim••««••••••••• «i *IllSt \09/ ————————•'•"•-«•————-—— g-.«-»

6,1 Totil nunbtr of isbestos structures—— 71'————'——— 43400

Anthophyl11tt——————
ActlnolItt————————

L
B.2 Chrxsotile—————————— 71————————— 49401
B« Am.h I K»l....................... A............. A F*•«v rfipniooie—«———————— g.................. g •

M___,.J..| I ta......__....... - - — ,___._wrociooi i it.....———— ..............—....
Trenol i te——————— ..................

C.I Total nits of nbeitot milyiedi (ng)— .000143—————— ,348 I
D.I Totil nunbtr of ttructurtt———•——— 71————.——.—— 49̂ 00 .
E.I Not Idtntlfltd ttrycturts——————— 0
F.I Ctmtntsi__MODERATE DEBRIS.

B-190

filmed in tkit frame it not at ntadabl.t.jn. lefllble,.aa ,.<nla
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102-33 MP-SAR-SOM8
Duplicate of 2631C-102-31

* TEM ASBESTOS AIR REPORT

, CLIENT! U.S, E.P.A. SAS 243IC SAMPLE DESCRIPTION! . ,„„,
I EMS LABCWORY NO, 9733,14 RECEIVEDi ANALYSED I JUNE 10, 1987

FILTER t .PEiMILLIPORE AREA OF FILTER IN mV2i 389
VOLUME OF AlRl 3309 AREA OF SAMPLE ANALYSED IN im'2l ,193

COUNTED IN TEM CALCULATED PER m'3

A, Asbtttos Structurt Dttcriptioni
A.I Totil nunbir of f loirs————— • 3*"————————— 27<100

Miss (ng)————————— .00022—————•——— .148
A.I.I ChrysotHi Nunbtr—— 34-—-———— 27400

Mist (ng)———— .00022————————— .148
Chrytotllt Slit Distribution

Fibir Lingthi Ringi (microns)—— .33 4 Mnn 1.04!
Fiber Dimettri Rmgt(nicrons)—— .029 .1 Mtm .0484
Asptct Ritioi Rmgt——————— 7 80 Mtm 22,1

A.2.1 Anphlboli NiMbtr— 0————————— 0
Mitt (ng)——'— 0————————— 0

Anphibolt Si» Distribution
Flbtr Length! Rmgt (nlcront)——— 0 0 Mtm 0
Flbtr 01 ami tin Rmgt(nlcrons)—— 0. 0 Mem t
Aspect Ratioi Range-:——————— 0 0 , Mun 0L

B A.2 Total nunbir of bundles—-— I—————•——— 741
Mast (ng)———————— .0000049————————— ,00929

A.3 Total nunber of elusttrs——
Mass (ng)——————

A.4 Total nunber of nutria/debris— 0—,-————— o

8.1 Total nunber of atbesto*. structures—— 37————————— 28200

B.2 Chrytotllt——————————— 37————————— 28200
8.3 Anphibolt-————————-—— 0———-———- 0

Croc I do! i tt—————— ..................
Trenol i tr———-———— -—-————•—
/•HOI i t§ •"•"••!«••• •.m,m»-»-"-..«-»-»'»-- ••»B««.B.«mi«i«.m.««»»mi«»m,mi

Aft 1nntI *A.——..—......... ..................., M̂  || |jg, | ̂f................ ..........p........

C.I Totil nats of asbestos milysidi (ng)— .008227-———————— .173

D.I Total nunber of Structures——————— 38————————— 28990
E.I Not idintlfiwtitructurit———————— 1————————— 741

F.I Conwent»l__J10DERATE DE8RIS.
O _____ AR30iH»2

B-191



102-34 AAP-RAR-R01-16
Intersection of Willow Roid and Morris Road,
ifld of Nature Ctr,, Driveway

TEM ASBESTOS AIR REPORT p, I

CLIENT! U.S. E.P.K W. 2.3IC SAMPLE DESCRIPTION! 243IC-I02-34
EMS LABORAfOF'i NO. 9*35. 1-5 RECEIVED! ANALYSED. JUHE II W
FIuTER TYPEil'iu.lPORE AREA OF FILTER IN mm"2! 38! p
VOLUME OF AIS i ':'." AREA OF W1PLE ANALYSED !N im'2i .225 J

COUNTED IN TEM CALCULATED PER m1 3

n, Asbestos Structure Description) *•-•
H.I To:atl numbr ?f fibers— -• — •- 31 — — — — — — 17006

Miss '.rj: ————————— ,000198 ————————— .108 r
A.I.I •.•viot lie Numbir —— 31 ————————— l^OOO [,

tt»»S (n?) ——— — .000198 ——— — ———— — .106
Chry»oti!» Si:e Di»tribution __

Fiber Length! F.i-je (micron*) ——— .4 2 Mem .9! tA
F b*? .'iametirt s»ngi(micron») —— .02! .1 »*m .05: •*-
Asoert Ratio! erje ———————— 6 70 Mi»r. !?..

A. 2. 1 -<•,; hi boll Number— - 0— — ———— - — •? L\.
Mis* (ng) —— - o— — ——— — — 0

. • Amphiboli .<:e Dii'.r-ibution _..
Fiber .er.gthi f.-je (nlcron*)-- —— ' 0 0 Mem : •;'
Fiber Jiameteri !inae(micron») — — 0 0 Mean f. «'
A*De:t Ritioi Pi-.}i ——— —— ——— 0 0 Mem .

A.* foul ii'jmce- :• bundles — — - 1 —————— • —— SJ?
lass '•;• —————————— ,00000?8 ——————————— .50534

A.? •••.ii .IUIMI- :•« clutteni——— 0————————— . mntiit .................... o——'•-——— •: . **
«,4 *;',al numcr :t mitria/deorii— 1————————— !-7 f"'

Mm, •; —————-—- .000022J—--———— ,s::s- I..
9.: Tot»'.ni-rict' of isDir.M nrueturei—— 33————————— :S::s r.

E.: I'.-xsstr.j——•————————— 33———-——————— !6!03 '"
S,: -ilMriiscli————————————— 0—————————— J

£ro:i::' te———————— ————————— ' I,.

.-•u,.......:..-. .................. j
Actinc' :e———————— ————————— '•

:,: Total man jf aib»i':i ifi»1y»edi 'ng)— .00023————————— .1J: j

:.: Tot»l nunse- of if.:v.rn——————— 3?————————— 21JC:

*.! flot ident,- ed itr.:-,.-ei————— 4.-.--.—......... --$R3Qi|l)3 )

M Commenti!__MODEFA-£ .'EBRIi! _________________________'_____ (""",

B-192
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102-35 AAP-RAR-R02-17
j MIllOM Rd.-Halfway between Spruce Rd.

/ and Morris Rd.
TEM ASBESTOS AIR REPORT

CLIENT! U.B, E.P.A, SAS 243IC SAMPLE DESCRIPTION! 243IC-102-3I
EMS LABORATORY NO, 9733.14 RECEIVED! ANALYSED I JUNE II, 1967
FILTER TYPElMILLIPORE AREA OF FILTER IN m*2t 309
VOLUME OF AIRi 3412 AREA OF SAMPLE ANALYSED IN l"V2l .193

COUNTED IN TEM CALCULATED PER n'3

A, Asbtftos Structuri Dttcriptioni
A.I Totil nunber of fibers————— 29-———————- 18400

Miss (ng)-———————— .000138-————-—— ,102
A.I.I Chryiotilt Nunbtr—— M.—————— 16400

, Hati (ng)——.—— .000138————————— .102
Chrytotllt Siie Distribution

( Flbtr Ltngthi Ringi (nieroni)——— .9 2.1 Mun .88
Fibir Dimeteri Rmge(nicront)—— .09 .1 Mtm .094

I" _ Aiptct Ratlot Rmgt———————— 9.9 42 Mtm 17

A.2,1 Anphlbole Nunber—— 0————————— 0., Mltt <r)9>———— 0————————— 0
I Aiphlbole Site Distribution
*•• Fiber Length! Rmgt (nicrom)——— 0 0 Mtm 0

Fibtr Dimeteri Rmge(nlcrons)—— 0 0 Mtm 0
j Atptct Ritioi Rmgt———————— 0 0 Mtm 0

A.2 Totil number of bundles——— 2————————— 1470
ĉ  Milt (ng)——————-——— .0000923———————•—— .0384
-—' A.3 Totil nunbir of cluiteri———

Miss (ng)—-.............

IT A.4 Totil nunbir of nitrlx/dtbrlt— 0———-—-— 0Miss (ng)—'•——.—.— Q.................. Q

|= 8,1 Totil nunbtr of aibisto* structures——• 27————————— 19900

, 6,2 Chrysotile——————————— 27————————— 19900
B.3 Amphiboli——•————————— 0—————————— 0

Croc I dol 111—"••-•'——*-—'
Trtfiol I ti~—-------------
Bafflm I 4••••••••••••••••••••BBBiiBjB*•»•»•••

C.I Total nitf of isbestos malyiid) (ng)— ,00019—-———-—• .14
\ O.I Totil nunbir of structures——————— 29————————— 21400

1 E.I Not Identified structures——————— 2————————— 1470
i F.I Cement*!__MODERATE OE8RIS. ___________________________

O————————————————frftm
B-193

in PiA 4w"!e u not «* *eoda6le..o«, legible, a-due to AubAtandand colon on condition oi tkt original page.



102-36 A/IP-RAR-ROM8
East side
where creek runs under road ctil it'

S East side of Morris Rd., near Beech Rd.
'

TEM ASBESTOS AIR REPORT

CLIENT) U.S. E.P.A, SAS 2431: SAMPLE DESCRIPTION! 2431C-102-34 (Hy-
EMS LABORATORY NO. 9733.14 RECEIVED! ANALYSEOiMAY 29, I?87 "V
FILTER TYPEiMILLIPORE AREA OF FILTER IN mm'2) 38!
VOLUME OF AIR) 2433 AREA OF SAMPLE ANALYSED IN iw'Zl '"3 _

COUNTED IN TEM CALCULATED PER m'3 I

A, Asbestos Structure Description; f"
A.l Total number of fibers—-—— 13-..-—————— 12400 [_.,

Mass (ng>—————————• ,0000973————»———— -093
A.I.I Chrysotile Numbir—— 13——•——————— 12400

Mass <ng)——-— .0000973—————•——— .093 I
Chrysotile Siie Distribution (

Fiber Length) Rmge <ml:rons)——— .3 2 Mem ,?3S
Fiber Diameter) Range(microns)—— .02! .079 Mean .014 tr

• Aspect.Ratioi Rmge———————— 4 30 Mem 17.4 |s.

A.2.1 Amphlbole Number—— 0——•-———-—— 0 _
Mass (ng)———— 0————————— 0 ji;"

Anphlbole Size Distribution *•*•
Fiber Length) Rmge (microns)—— 0 0 Mem 0
Fiber Dlimeteri Rmge(microns)—— 0 0 Mem 0 K
Aspect Ratio! Rmge—•—————— 0 0 Mem 0 §

A.2 Total number of bundles——— 0———————— 0 m~
Mass (ng)————————— 0————————— 0 /̂ ;.

A.3 Totil number sf :lustiri———- 0-——;————— 0
Miss (ng)————————— 0———•————— 0 ||

A.4 Totil number of mitrin/debrii— ' 2————————— 1910
Mass (ng;———————-- .0000118———-———-- .0151 .

B.I Total number of ubestas structures—— IS————————— I-.300

8.2 Chrytotile——•-——————— IS————-———— 14300 f
S.3 Amphibole———————————— 8————-———— 0 I,

Crocidolite-——————— ———————— r
Trenollte————————- —————-——— I
Amosite—————————— —————————
Anthophy! 11 te——————— —————————
Actinolite———————— ————————— j

C.I Total nisi of asbestos malysedi (ng)— ,00011'J————————— ,108

3.1 Total number af structures————— 31————-——— 29400 |

£.1 Not identifitd ttructuret———————— 14-————————— 11300

*.! Comment si__VERY HEAVY DEBRIS. SMALL PARTICULATES. _______________ 5 !

B-194

&;-.!•• *•••«• "̂*ssi n<"m«>u I" thit framt it not at 4cau(io4vi.,vt tcgtntc. aa tn.ia~;
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102-39 AAP-RAR-R06-21
Butler Pike at Hissahickon Creek

TEM ASBESTOS AIR REPORT

CLIENT! U.S. E.P.A. SAS 243IC SAMPLE DESCRIPTION) 243IC-I02-39
EMS LABORATORY NO. 9733.14 RECEIVED) ANALYSEDiJUNE 4, 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN imT2i 33!
VOLUME OF AIR) 2430 AREA OF SAMPLE ANALYSED IN im'2i .138

COUNTED IN TEM CALCULATED PER m'3

A. Asbestos Structure Description!
A.I Total number of fiber*————— ' 27——————r— 31000

Mass (ng)————————— .000318—————— .34!
A.1,1 Chrysotile Number— 27——————•—— 31000

Miss (ng)———— .000318——-———— .343
Chrysotile Si:e Distribution

Fiber Length! Rmge (microns)——— .4 3 Mem 1.189
Fleer Diameter) Rmge(ralcrons)—— .0! .12! Mean .04
Aspect Ritloi Rmge————————— 8 42 Mem 19,1

A.2.1 Amohibole Number-.— 0————————— 0
M»is (n'g)———— 0————————— 0

tophibol* Si.e Distribution •
,, Fiber Length! Range (nlcrons)——— 0 0 Mem 0
'; Fiber Diameter! Rmge(nicront)—— 0 0 Mem 0
• Aspect Ritioi Rangi————-——— 0 fl Mem 0

•• A.2 Total number of bundles——•••• 4—————-—— 4890
I Mist <ng)—————-—— .00027——-———•—— .31

•».; Total number of cluster*-——— Q————————— 0
; „ MM* (ng)——•————— 0————————— 0

A.- Total number of matrix/debri*— • 4————————— 4190
Mil* (ng)————————— .0000138———————•—— .0118

S.I Totai n.mber of atbistos »tructun*—— 37————————— 42100

8.2 Chrysotiti———•——-———— 37—————..—.- 42500
3.J Amohibole——————————— 0——————-— 0

Crocidolite—
Tremolite——•
Amo»ite———
Anthophyllite-
Actlnolite—-

C.I Totil mass of asbestos analysed) (ng)— ,000402————————— .491

\ D.I Total numbir of structure*——————— 42—————————— 71200

j £.1 Not identified structures———————— 2!——————--—— 2B700

' . F.l Ceflwients:___HEAVY DEBRIS, SMALL PARTICLES. ___________

B-195
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102-41 WP-RAR-R08-23
Beech Rd. 100 yds. off of Morris

TEM ASBESTOS AIR REPORT

B-196

E
CLIENT! U.S. E.P.A. SAS 2431C SAMPLE DESCRIPTION! 243IC-102-41 A
EMS LABORATORY NO. 9733.14 RECEIVED! ' ANALYSED I JUNE II, I9B7 < , L'
FILTER TYPElMILLIPORE AREA OF FILTER IN m'2) 389 I
VOLUME OF AIRl 3184 AREA OF SAMPLE ANALYSED IN m'2l ,197

COUNTED IN TEM CALCULATED PER n'3 [~

A. Asbtttot Structuri Description! _
A.I Total nunbir of fibers————— 24———————— 20000 F

Mass (ng)————————— .00022————————— .149 L.
A.I.I Chrysotile Nunber—— 24-———————— 20000

Milt (ng)————— ,00022—————————— ,149 r
Chrxsotllt Slit Distribution |

Flbtr Ltngthi Rmgt (nlcroni)——— .49 3 Mtm 1.039
Flbtr Dimeter i Rmge(nlcrons)—— .029 .1 Mem .0409 ,
Asptct Ratioi Range———————— 7 40 Mean 18.8 I

A.2.1 Anphibolt Numbir—— 0————————— 0
Matt (ng)——— 0———————— 0 tr I

Anphlboli Sixt Dittribution l_
Fiber Ltngthi Rmgt (nicront)——— 0 , 0 Mem 0 "
Flbtr Dlantttri Rmge(nlcrons)—— 0 0 Mtan 0
Atptct Ratioi Rangi———————— 0 0 Mtan 0
A.2 Tottl nunbtr of bundlts——— fl————————— 0

Hitt (nQ)*"**"**"*-'*'***-™"'" 0——••••——•—— 0

A.3 Tottl nunbtr of elusttrt-——— 0———————— 0
Mats (ng)———————— fl————————— 0

A.4 Tottl nunbtr of nitrix/dibrlf-r 0———————-— 0 t-
Mm)Cft I t\tl\ m+mmmmmm^mmmm^lfmm A •>•»*• mi mimim>H> mi m»m> •«•*••• mi •*• A

B.I Total nunbtr of isbestos structures—— 24———————— 20000 {.
9.2 Chrytotlle——————————— 24————————— 2000J ,,,
B.3 Anphibolt——————————— 0————————— 0 I

C.I Total mis* of aibtttot analysed! (ng)— .00822———-——-——— .149 *•

D.I Tottl nunbir of ttructurti——————— 33————————— 29400 j
E.I Not Identified structurtt———————— 7————————— 8390

F.I Comment*!__MODERATE DEBRIS. _______________________flR3Q|| -t? |

____i_______,SMALL PARTICLES.APPROX. 1/4 MICRON OIA. EVERYWHERE. ________ "C}



102-49 AAMAR-Klb-3.
Middle of plant H1d(l1e of P'8nt

,-N. TEM ASBESTOS AIR REPORT
O

CLIENT! U.S. E.P.A. SAS 2431C SAMPLE DESCRIPTION! 243IC-102-49
EMS LABORATORY NO, 9733.14 RECEIVED) ANALYSEDlJUNE 4, 1967

r FILTER TYPElMILLIPORE AREA OF FILTER IN IMT2i 385
VOLUME OF AIRi 3055 AREA OF SAMPLE ANALYSED IN mm'2l .146

•COUNTED IN TEM CALCULATED PER m'3

[ A. A*be*to* Structure Description!
A.I Total number of fibers———— 40-—————— 34100

, Mass (ng)————-———— .000493————————— .42
A.I.I Chrysotile Number—— 40———•————— 34100

( Mass (ng)————— .000493—————————— .42
Chrysotile Siie Distribution

(' Fiber Length) Rmge (microns)——— .4 9 Mem 1.445
I . Fiber Diameter) Range(mlcrons)—— .05 ,1 Mean .043!

Aspect Ratio) Ringi———————— 4 160 Mem 25.2

[1.. A, 2. 1 Amphibole Number—-- 0 —————————— 0
Mass (ng)- ——— 0 ——— - —— • —— ' 0

Amphiboli Sin Olstribution
Fiber Length) Range (micron*) ——— 0 0 Mem 0
Fiber Diameter) Rmge(nicrons) —— 0 0 Mem 0
Aspect Ritioi Rmge —— • ————— 0 0 Mun 0

A. 2 Total numbir of' .bundlei — —— 9 ————————— 7440
Mass (ng) ——————— . ——— .0442 —————————— 3?. 3

A. 3 Total number of clusters ——— 2 —————— ••— 1700
Mass (ng) —————————— .000039 — —— - —— • —— .0332

A.4 Total numbir of matrlx/dibris— 17 ————————— 14100
Mass (ng) ————————— .000-!?! ————————— .404

„ 3.1 Total nuntoer of asbestos *tructure* —— 48 ————— - ——— 57900

B.2 Chryiotile. ——————————— 48 ————————— I??OC
B.3 rtmphibole ———————————— 0 ————————— C

Crocidolite—
Tremollte——
Amotite———
Anthophyllite-
Actinolite——

j '.I Total masi of aibeitot a.ialywdf (ng)— . ,0472————————— 40,2

•J.l ToUl number of structures——————— •• 48————————— 5r?OC.

I ,1 Not identified structure*———————— 0————————— 0

Q I Comment*!__HEAVY DEBRIS. _____________________„"_'•' ̂  ' ' ̂  °_

B-197

not* <-«o--.^«ge,«a,.jfc., 4.1 4.4 due to AubAtandand colon on condition ol tht o*lj>lnal page.



102-51 AAP-RAR-R15-33 r
x' Middle of plant - duplicate I,

El
TEM ASBESTOS AIR REPORT

CLIENT! U.S. E.P.A. SAS 2431C SAMPLE DESCRIPTION! 243IC-I02-SI i
EMS LABORATORY NO, 9733.14 RECEIVED! ANALYSEDlJUNE 11, 1967 l
FILTER TYPElMILLIPORE AREA OF FILTER IN iW2i 389
VOLUME OF AIR) 3024 AREA OF SAMPLE ANALYSED IN m'2i .143 J

COUNTED IN TEM CALCULATED PER m'3

A. Atbistos Structuri Description) • I
A.I Total nunber of fibers————— 24————————— 20300

Mass (ng)———————'—— .00023————————— .18
A.I.I Chrysotile Nunber—— 24————————— 20300 I

•<:,Miss (ng)———— .00023————————— .18
Chrysotile Slit Distribution

Flbtr Ltngthi Ringi (nicrons)——— .49 4.9 Mem 1.229
Flbtr Dianitiri RmgeOiicront)—— .029 .1 Mem '.04909
Aipect Ratioi Range———————— 9 40 Mem 24.3

A.2.1 Anphlbole Nunber—— 0————-———— 0
Miss (ng)———— 0———————— 0

Anphibolt Slit Distribution
Flbtr Ltngthi Ringi (Microns)——- - 0 0 Mtm 0 ft I
Fibtr 01 mi tin Rmgt(nicront)—— 0 0 Mtan 0 •
Atptct Ratioi Rangt——————— 0 0 Mun 0 '
A.2 Total nunbir of bundltt——— 9.................. #90

Mats (ng)——————— .0134———————— 10.4
A.3 Total nunbir of clutttrt——— 2———————— 1940 PS

Matt (ng)————————— .00787—————————— 4.19 |_C

A.4 Total nunbtr of natrix/dibrli" 17————————— 13300 ,..
Mtti (ng)————————— .003————————— 2.34 I:

6,1 Totil nunbtr of asbestos structures——- 33—..—————— 4MOO

8.2 Chryiotlle——————————— S3————————— 41400 [.,
8,3 Anphibolt—————————— o———-———— 0

Crocldolltt——————— ————————— f I
Amoiite
An thophyl 11 tt——————
Ac 11no)Itt————————

C.I Total mi** of iibttto* mtlyiidt (ng)— ,0247————————— 19.3
0,1 Total nunbtr of ttructuret——•———• 97————.......— 44900

E.I Not identified ttructurtt———————— 4————————— 3120

F.I Comntntti__MODERATE DEBRIS. __________________________

B-198



102-52 AAP-RAR-R1S-34
Receptor field blank

TEM ASBESTOS AIR REPORT

CLIENT! U.S. E.P.A, SAS 2431C SAMPLE DESCRIPTION! 243IC-102-92
EMS LABORATORY NO. 9733.14 RECElVEDi ANALYSEDiJUNE 8, 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN i*i'2i 389
VOLUME OF AIR l 1000 AREA OF SAMPLE ANALYSED IN ml'21 ,144

COUNTED IN TEM CALCULATED PER FILTER

A, Atbtftot Structure Dticrlptioni
A.I Totnl nunber of fiber*————— 8————————— 21100

Mass (ng)————————— .000122————————— .322
A. 1,1 Chrysotile Number—— 8————————— 21100

Miss (ng)————— .000122—————————— .322
Chrysotile Size Distribution

Fiber Length) Rangi (microns)——— .79 2.1" Mun 1,24
Flbtr Diintttri Rangi(nicront)—— ,09 ,129 Mtan .049
Asptct Ritioi Rangi———————— 10 39 Mun 19.9

A.2.1 .Amphibole Nunbir— 0————————- 0
Miss (ng)———— fl————————— 0

Anphlboli Slit Distribution
Flbtr Ltngthi Ringi (nlcrons)—— 0 0 Mian 0
Fibtr Dimeter i Rmgt(nicroni)—— 0 0 Mean 0
Atptct Ritioi Rangi—————-— 0 0 Mun . 0
A.2 Total nunbir of bundles——— 1————————— 2440

Mass (ng)————————— .0000123————————— .0324
'i;

A>3 ToUl number of clusters—— 0—————-——• 0

A.4 Total nunber of natrix/debrit- 0———————••— 0
Mas* (ng;———————— 0————————- 0

6,1 Total nunber of asbesUi structures—— 9————————— 23700
9*•>

B.3 Anphiboll

Croc i do) I tt ———————

An thophyl 1 1 ti ———————
A. 4 I HA| t 4. ___,_,_..__________ _,_,..-.«_,_, ______«HI 111101 I If —-»"••———••»——••"-—••' mimmmmmmmmmmmmm~~*m

\ C.I Tottl ni*» of isbistos analyiidi (ng) — .000134 ————————— ,394
I O.I Total nunbtr of structures ————— - — 9 ————————— 23700

', E.I Not Identified structures ——————— 0 ————————— APnfl1 I SO
, .1 Comment*! __ VERY LIGHT DEBRIS, SMALL BUBBLES THROUGH OUT FILTER. _

________ ___CLEAN. _____________ •'•'""

B-199



102-53 AAP.-RAR-R17-3S
,—— Intersection of Spruce Rd. and Fir Rd. I,,

' '(Duplicate of R26)

E
5N

TEM ASBESTOS AIR REPORT "Q

CLIENT! U.S. E.P.A, SAS 2431C SAMPLE DESCRIPTION! 2431C-102-S3 •
EMS LABORATORY NO, 9733,14 RECEIVED! ANALYSEDlMAY 30, I9B7
FILTER TYPEiMILLlPORE AREA OF FILTER IN mn'2i 389 f-
VOLUME OF AlRi 3042 AREA OF SAMPLE ANALYSED IN i*V2i ,194 |

COUNTED IN TEM CALCULATED PER m'3 -.

A, Asbestos Structuri Description!
A,I Total nunbir of flbirs————— 23————————— 18300

Mm (ng)————————— ,000109————————— .0879 I"
A.I.I Chrysotile Nunber—— 23————————— 18500 I;.

Miss (ng)————— ,008109————————— .0879
Chrysotile Size Distribution «--

Fiber Length! Rmge (microns)——— .4 2,2 Mean .88 i
Fibir Dianiten Range(nlcront)—— ,029 ,079 Mean .09 **•
Aiptct Ritloi Rmgt———————— 8 44 Mun 18

A.2,1 Amphibole Number—— 0————.———— 0 L
Anphlbole Slzt Oiitributlon . .,

Flbtr Ltngthi Rmgt (nlcfons)— — 0 0 Mean 0 I
Fiber 01 ami ten Ringe(nlcrons)—— 0 0 Mian 0 ' *!:
Aiptct Ratiot Rangi—————— 0 0 Mtan 0
A.2 Total nunbir of bundltt——— S—-——————• 4030 Q:

Matt (ng)————————— ,000331————————— .267

A.3 Totil nunbir of cluster*——— 0————————— 0 |jji
. Mitt (ng)—————.— Q........—...... Q

A.4 Totil number of nitrlx/dtbrls— I—••—————— 804 [
Miss (ng)————————— .0000179————————— ,0141 , I.

B.I Totil nunbtr of asbestos structures—— 29————————— 23400 r

B.2 Chrysotile—————————— 29————————— 23400 l
B« ̂..KlhAla...................... P.................. At* fnpniuuiff•.•>"-................... i,.................. ll

rfKOS I tf ———-——•-———————
An thophyll I ti ——————
Ac t i no) I tt ————————

C:l Totil nut of isbtttos milyudi (ng) — .000490 ————————— .349
0.1 Total nunbtr of itructuru— — —— — 30 ——— — — —— 24200
E.I, Not Idtntlf led itructuru— —— ——— I ———— - — - — — „ „ 804

A R 3 0 I I 5 I
F.I Comenttl ___ LIOHT TO MODERRATE DEBRIS. VERY SMALL PARTICLES EVERYWHERE. ' (j

8-200

iW<a_viM*«l;;,'-«' • • . - .. ..... . - . - - • : ••—,r.;7,v,1,».'. .,„

HtM. pagt filmed 4.n tkit framt it not at /teadable M legible, aa tkij$tti&'̂
label, 4.t 4,t due to Aubttandand colon on condition oi the oniginal pagt.



102-54 AAP-RAR-R17-36
Receptor field blank

,0 TEM ASBESTOS AIR REPORT

I CLIENTi U.S, E.P.A. SAS 243IC SAMPLE DESCRIPTION! iop7
EMS LABORATORY NO. 9733.14 RECEIVEDl ANALYSEDiJUNE B, 1987
FILTER TYPElMILLIPORE AREA OF FILTER IN mV2i 389
VOLUME OF AlRl Iflflfl AREA OF SAMPLE ANALYSED IN m»'2i .147

COUNTED IN TEM CALCULATED PER FILTER

A. Asbistos Structurt Description! .
A.I ToUl nunbir of flbtrt———-- 29———————- «!00

Mill <ng>————————- ,000104———————— .278
A.I.I Chrysotllt Nunbtr—— 29—————— «9SOO

Miss (ng)———— .000104————————— ,278
Chrysotile Size Distribution

Fiber Length! Ringi (nicrons)—— ,39 2,4! Mem .74
Fiber Dlaneteri Rmgi(nlcront)—— .029 .07! Mun .091
Aiptct Ratioi Rangt———————— 7.33 53 Mean 19,3

A.2.1 Anphibolt,Nunbtr— 0————————— 0
Miss (ng)———— fl————————— 0

Anphibolt Sizt Distribution
Fibtr Ltngthi Rmgt (nlcront)——— 0 0 Mem 0
Flbtr Dime ten Rmge(nicrons)—— 0 0 Mun 0
Aspict Ratioi Rmgt———————— 0 0 Mem 0

I:

D A.2 Total nunbtr of bundlts — « — 2 —— —— • ——— 9240
Miss (ng) ————————— .0000471 ————————— .174

A.3 ToUl nunbir of clusttrs ——— 2 ————————— 9240
na*t (ng) ————————— .0000898 ————————— ,229

A.4 ToUl nunbir of nitrlx/dtbrli—
Miss (ng)- —•»—————

B.I Total nunbir of asbestos structures— — 29— ———————— 74000
6.2 Chrytotilt ——————————— 29 ————————— 74000
8.3 Anphibolt ——————————— 0 ——— • ————— 0

( Croc idol Itt—————
Trenol I te——*•———

i Anosite-——-———-
i Anthophylllte————

Actinolitt—————
i C.I Totil nits of isbestos analysed! (ng)—• ,000299-————————— .478

D.I Total number o* ttructurti——————— 29————————— 74000
f,i Not identified structurei——————— o—•——————— 0

O ,1 Comments!__BLANK. LIOKT DEBRIS. _______________fl Fi.? fl I I

B-201

U the. pagt filmed in <nla framt it not a4 teadable o* linlble aa tkJ*
label, it la due to tub4tandand colon on condition o< <fce o*"i"i pi**
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RESULTS OF ROUND 3 SOURCE RECEPTOR AIR SAMPLING
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TEM ASBESTOS AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTION! SAS 3482C-I
EMS LABORATORY NO. til?. RECEIVED! ANALYSED!
FILTER TYPE! PCF AREA OF FILTER IN m»'2i 36?
VOLUME OF AIR! 3784 (L) AREA OF SAMPLE ANALYSED IN mr2i .074
METHOD OF ANALYSIS) EPA-ALL SIZES

COUHTE& IN TEM WLCULrtTED PER M'3

A. Asbestos Structuri Description)
A.t Totil number of flberi —— - — o— — - — - —— - 9

Man (ng1— —— - ——— — 0 ———————— "
A.I.I Chrysotili Number- — o— • —————— 0

Miss (ng) ———— 0 — .—..-—— 0
Chr.'ictiU Si:* Distribution

Fiber Length) Rtngt (microns) ——— . 0 C ' Mean 0
Fiber Diameter) Ringi(nicroni) —— 0 0 Mem 0
Aspict Ritiot Rmge—— ————— • 0 C Mean 0

•1.2.1 Amphibole Number—- o—....— ——— .- o
Mass ,'ng) ———— 0— ———————— 0

Amphiboli Sl:e Distribution
Fibir Lingthi R»nge (microns) ——— C " Mem 0
Fiber Diameter! Ring»(nicrons> —— 0 0 Mean 0
Aspect Ratloi Range ———————— 0,0 Mean 0

A. 2 Total number af bundles— —— 0— ———————— 0
Mass (ng) —— - ————— C ————— rm.'"'~ u

A, 3 Total number of clusters ——— 0 ————————— 0
Miss (ng) ————————— 0 ————————— 0

A.4 Totil number of matrix/debrn-- 0 ——————— •• — 0
Mm (ng) ————————— C ————————— 0

8,1 Totil number of aibiitos structures-

8.2 Chrysotili—————————— 0--—-—-——- 0
B.3 Anphibole—•———————— 0-—————•• 0

Croc idol Iti—
Trimollti——
Amositt———
Anthophylllte-
Actinolite—-

C.I Totil mass of istaestos analx.td: >rgi— 0-—————:——— 0

0,1 Total, nunbir of structure*——————— I————————— 1370
E.I Not identified structures——————— j...............— 1370

F.I Comments!__LIOHT DEBRIS) CWY PARTICLES, fl FEW JUSSIVE PARTICLES _____

flR30M5*»

B-203

n tht pagt filmed in tkit frame it not at *eadable..o* *IB..B*I. aa.cn-ta>-a^w
label, It la due to au6atanda*d colon on condition oi the oniginat page.'



TEM ASBESTOS AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTION! SAS 3482C-I . ' top
EMS LABORATORY NO, 11174 RECEIVED! ANALYSED)
FILTER TYPE! PCF AREA OF FILTER IN mm'2! 385 /~v
VOLUME OF AIRi 1000 (L) AREA OF SAMPLE ANALYSED IN mm'2i ,074 L.|'
METHOD OF ANALYSIS! ERA-ALL SlZf.S «

COUNTED III TEM CALCULATED PER FILTER

A, Aibntoi Structuri Description! |
A,I Totil number of fibers———— 0——...———— o

n*tt (no)————————— 0————————— 0 _,,
A.I.I Chrysotile Number— 0--——•———— 0 I .

Mm (ng)————• 0————————— 0 ••••••
Chrysotile Si:i Diitrlbution

Fiber Length! Rmge (mlcront)— — 0 0 Mun 0 t"'
Fibtr Oiimttiri Range(microns)-— 0 0 Mem 0 [
Atptct Ritioi Rmge———————— 0 0 Mem 0

A.2.1 Amphibole Number—— 0—————————- 0 F
Mm (ng)———— 0—————————— 0 i-.;

Amphiboli Site Distribution
Flbtr Ltngthi Rangi (microns)—— 0 0 Mem 0 IT I
Fiber Oiametert Rmge(mlcroni)—— 0 0 Mem 0 |_
Aipect Ritloi Rmge—-—-——— 0 0 Mem 0
A.2 Totil number of bun'dlet-——- 0-————-———— 0 F

Miss (ng)————————• 0————————— 0 «>•
A.3 Totil, number of clutters——— , 0————————— 0 f

Miss (ng)———————— fl-——-———— 0 (~\w
A.4 Totil nunbir of mitrix/debrU— 0———————— o pr

Mm (ng>——-—————— 0——————-—— 0 |$;

B.I Totil nunber of isbestos structuris—- . 0—————-—— 0
' PB.2 Chrysotile--—————————— 0—————————— 0 I

8.3 Amphibole——-———————— 0--——————— 0

Crocidolite———————— ••———————— j'
Tremolite————————— ——-—————— '
Amosi te————————— ™——-————•
Anthophyllite————•— ————————— f
Act Inol i te————.—— ...———————— [

C.I.Totil nit* of tsbtttot mal,>itdi <'n<j>— 0————————— 0

O.I Total numbir of itructurn——————— 1—————————, 3200 '•

E.I Not identified itructuru———————— I—————————— 5200 I

F.I CeminUi__LIOHT DEBRIS) CL«v PARTICLE.. A *&> fWSSIVE PARTICLES __________

AR30II55

B-204

'-"•' ' "" ••"•••'V-i. - • "" " .." ""'̂"f.(-..",
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6

TEM ASBESTOS AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTION) SAS 34B2C-2
EMS LABORATORY NO, 11174 RECEIVED) ANALYSED!
FILTER TYPElMILLIPORE AREA OF FILTER IN m' 2) 385
VOLUME OF AIRi 3954 (L) AREA OF SAMPLE ANALYSED IN mn'2: .074
METHOD OF ANALYSIS! EPA-ALL SIZES

COUNTED IN TEM CALCULATED PER M'3

A, Aibistos Structuri Dtscrlptioni
A.I ToUl number of fibiri-——— 0-—————••— 0

Mits (ng)———————— 0———r———— 0
A.1,1 Chrysotlle Number—- 0——————•—— 0

Miss (ng)-———— 0————————— 0
Chrysotili Si:e Distribution

Fiber Length! Rmge (microns)——— 0 C Mean 0
Fibtr Diameter! Rnnge(mlcrons>—— 0 0 Mun 0
Atptct Ritloi Ringi—————••—— 0 0 Mun 0

. A.2.1 Amphiboli Number— 0———————-- 0
Mass (ng)-——— 0——,————— o

Amphiboli 51.1 Distribution
Fibtr Length! Rmge (microns)——— 0 0 Mun 0
Fiber Diameter) Rmge(nlcroni>—— 0 0 Mun . 0
Aiptct Ritioi Rmge———————— 0 0 Mun 0'

A.2 Total number of bundles——— 0————————.-•• 0
Mill (ng)————————— 0————————•• 0

A,3 Totil number of cluster!——— }————••———— 0
Mass (ng)——————— '. C—•————•— 0

A.4 Totil number of matrix/debrii-- I—'——————— 0
Matt <ng)————————— 0————————— 0

8.1 Totil numbtr of asbestos structuru—— 0-

B.2 Chrysotile————————-— C———————— 0
8.3 Amphlbole———————•—-— 0-——•———— 0

Crocidolite—
Tremolite——
Amosite———
Anthophylllte-
Actlnolite—-

C.I Totil miss of isbestos analysed; '1*9.'— 0————————— 0

0.1 ToUl number of structures———•-—— 1————————— 5440

E.I Not identified structures——————— I——•—————— 1440

F.I Comnenttl___MODERATE DEBRIS) StWLL PARTICLES EVERYWHERE) SOME WSSIVE PARTICLES,

___________ORGANIC DEBRIS ____________________

P " / AR30II56

B-205
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TEM ASBESTOS AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTION! SAS 3432C-2 ||
EMS LABORATORY NO. HI74 RECEIVED) ANALYSED)
FILTER TYPElMILLIPORE AREA OF FILTER IN nw'Zt 385 /-ŷ
VOLUME OF AIR) <L) AREA OF SAMPLE ANALYSED IN mn'2i .074 Llij
METHOD OF ANALYSIS) EPA-ALL SIZES *'*

COUNTED IN TgM CALCULATED PER FILTER
IfA, Atbestos Structure Description) Is:

A,I Totil numbtr of fibers-——— <••*-——————— 0
Miss (ng)————•———— e————....... 0 r
A.I.I Chrysotile Number—- 0—•——————— 0 I

Mist (ng)———— 0-———————— 0 ""•
Chryiotile Si:i Distribution

Fibir Length) Rmge (microns)——— 0 0 Mun 0 f|.'
Fibir Dlamtteri Rmgi(mlcront)—— 0 C Mian 0 fjjji
Asptet Ritloi Rmge———————— 0 0 Mem 0

A.2.1 Amphiboli Numbir—— 0--——————- 0 if
Miss (ngj———— 0--———————— 0 •*"

Anphibole 5iie Oiitrlbutlon
Fiber Length! Rmge (microns)—— 0 0 Mem 0 ||
Fibir Diimtttri Rtnge(microiw-— 0 0 Mun • 0 ||
Aiptct Ritioi Rmge———————— 0 0 Mem 0

A.2 Totil nunber of bundlei——— 0-———————— 0 II
Mm (ng)—————-—— 0——•———-- 0 •*

A.3 Totil number of clusters——— 0———————— 0 111
Miss (ng)——•———— , 0——•——•— fl Q*;

A.4 Total number of mitrix/debns— 0——————•-— 0 m
Mm (ng)—————-——— 0-——————-——- 0 |||

B.I Totil nunber of isbestos structures—— 0—...—————— 0
FB.2 Chrysotile————————•— 0————•——•- 0 li.

B.3 Amphibole——————-——— 0—————— 0

Crocidolite—
Tremolite——
Amosite-———
Anthophyllite-
Actinollte—

C.I Totil miss of isbestos mil/lid) 'ngi — 0 —————————— 0

0.1 Total nunber of structures ——————— 1 ————————— 5200

E.I Not Identified itructuru — • —— •••• — ! —— • —— - —— •- 5200

F.I Comments! ______________________________________ ;

B-206

AR30II57
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TEM ASBESTOS AIR REPORT

ILIENTI EPA SAMPLE DESCRIPTION* SAS 3482C-3
EMS LABORATORY NO. 11174 RECEIVED I DEC !7,1W ANALYSED) JAN 17,1988
FILTER TYPEiPCF AREA OF FILTER IN nn'2i 385
VOLUME OF AIRi 3473 (L) AREA OF SAMPLE ANALYSED IN mm'2l .074
METHOD OF ANALYSlStEPA-ALL SIZES •

COUNTED IN TEM CALCULATED PER M'3

A. Asbestos Structure Diicriptlont
A.I Totil numbir of fibers———— 0-———————— 0

Mm (ng)—————— .0—————— 0
A.l.t Chrysotili Numbir-— 0——•—•——— 0

Mass (ngj————— 0————————— 0
ChmoUli Si:t Dlstr'butior,

Fibir Lingthi Ringi (microns)——•• 0 0 Mem 0
Fiber Diameter) Rmgi(mlcrons)—— - 0 0 Mem 0
Aspect Ratioi Range———————-- 0 0 Mem 0

A.2.1 Amphlbole Number—— 0————————— 0
Mitt (ng)——•— 0-———————— 0

Amphlbole Sl:e Distribution
Fiber Length) Rmji (microns)——— 0 0 Mem 0
Fiber Dlimeten Rm4i(microns)—— 0 0 Mem 0

I , Atptct Ritioi Ringi————•——— 0 0 Mem 0
lift

A.2 ToUl number of bundles——— 0———•——•——— 0
Mm (ng)———————— 0———————r- 0

A,3 Total number of clusters——— 0————————— 0
Miss (ng)———————— 0———————— 0

A.4 Total number of matrlx/debrli— !——————•—— 1410
Mats (ng)————————— .000013————————— .0184

B.I Total numbir of asbistos itructuru—— j.................. mo

B.2 Chrysotili——————————— I————————.— 1410
B.3 Amphiboli-———:———————— • 0————————— 0

Croc I do!! te—
Trimoliti—-
Anosite———
Anthophylllti-
ActI oolite—-

C.l Totil mm o< tibettot »nal;-s»d! <n$>— .000013————————— ,0184

0,1 Total number of structures——-••••— 3...——........... 2830

E.I Not identified structuris—————— 1——————-— 1410

F.I Comments)__MODERATE TO HEAVY OEBRSSjFINE PARTICLES EVERYWHERE) _____

___________MANY MASSIVE PARTICLES 4 OROrtNIC DEBRIS Afiouj 58

B-207



TEM ASBESTOS AIR REPORT . r~
• j,1,,, L

CHENTl EPA SAMPLE DESCRIPTION! SAS 3462C-3 HSii I
EMS LABORATORY NO, 11174 RECEIVEDiDEC 17,1987 ANALYSEDtJAN 19,1983 XV •
FILTER TYPEiPCF AREA OF FILTER IN mm'2i 385 L|H
VOLUME OF AIR! <-> AREA OF SAMPLE ANALYSED IN wi'2i .074 I
METHOD OF ANALYSISiEPA-ALL SIZES

COUNTED IN TEM CALCULATED PER FILTER p

A. Aibistot Structure Deicriptloni
A.I ToUl numbir of fibir*————— 0——————-—— 0

MM* <ng>-———————— 0————————— 0 ["
A.I,I Chrywtili Number-- o———————— 0 [.,.

Hit* (ng)———— 0————————— "
Chryiotile Site Distribution i

Fiber Length! Ringi (microns)——— 0 0 Mean 0 I
Fiber Diameter) Range(microns)—— 0 0 Mun 0 "•
Aipict Ritloi Ringi——•——•,—- 0 0 . Mun 0

A.2.1 Anphibole Number—— 0——-—————— 0 y
Kin (ng)———— 0————————— 0

Amphibole Size Distribution r~
Fibtr Ltngthi Ringi (microns)—— 0 0 Mean 0 I
Fibtr Dimeteri Rmge(mlcrons)—— 0 0 Mun 0 -*••
Asptct Ritloi Ring*———————— 0 0 Mem 0

A.2 TotiiMjK»b<(;gof..bundii.:::—: J:::::::::::::::::: J
A.3 Totil numbir of cluster*—— ' 0——'•———— 0

Crocidolite—
Tremol I tt——
Anotite——-
Anthophyl 1 Id-
Act (noli t«—

C.I Totil n»ss of isbistot inilysid; (ng)— .000013—————————— .0474

D.I Totil nunber of structure*——————• 2—-——————— 10400

E.I t!«v !J;ntified ttructuris——————— 1————————— 5200

F.I Comments!__MODERATE TO HEAVY DEBRIS|FINE PARTICLES EVERYWHERE) _____

___________MANY MASSIVE PARTICLES 4 ORGANIC DEBRIS ______

B-208
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r-1!

Mm (ng)———————— 0————————— 0 î /1

A.4 ToUl nunbir of nitrix/debrli-- i——————•—— 5200 . |jj
Mm (ng)———•————— .000013————————— .0474 H

8.1 Totil nunber of iibestoi structures—-• 1—-——————- 5200 |

8.2 Chry«otil*——•——•————— I———————— 5200 *
B.Sftiphibole———————————— 0————————— 0

.-.-;- r.-a- iit-mtd In thla frame it not at *eada6le_o* «84B«.i aa rn-ia-"label, 4,t it due to tubttandand colon on condition oi tkt original page.



TEM ASBESTOS AIR REPORT

EPA SAMPLE DESCRIPTION! SAS 3482C-4
J1S LABORATORY NO, MI74 RECEIVEDiDEC.17,1987 .ANALYSED!JAN. 14, 1988

k-FILTER TYPE! PCF AREA OF FILTER IN mm"2i 385'VOLUME OF AIRI 3325 <o AREA of SAMPLE ANALYSED IN mn'Zi .074
METHOD OF ANALYSIS! EPA-ALL SIZESf ̂  "-i-."* COUNTE() u, ,a, CALCUWTEO PER M'3

A, Albetto* Structuri Discriptioni
i A.I Total numbir of fibsrs————— I———————" '*4»

Mass (ng)——————- .0000124™—————™ .OW
A.I.I Chrywtile Numbir—— !•— -——————— •!*0

Mass (ng)——— .0000124™——-———— .0197
Chryiotili Si:i Diltrlbutlon

Fibtr Ltngthi Ringi (microns)—— I.I 1,1 Mun I.I
Fibir Oianitiri Rmge(microns)—— .075 .075 • Mean .075
Aiptct Ritioi Ringi———•—•—— 14.7 14.7 Mean 14.7

A.2.1 Amphibole Number—— 0--———————— 0
Mass (ng)———— '0————————— 0

Amphiboli Sl:i Distribution
Fiber LengUi Rmge (microns)——— 0 0 Mean 0
Fiber Olameten Ranged*icrons)—— 0 0 Mean 0
Aspect Ritioi Rmge———————— 0 0 ?tun 0

A.2 ToUl numbir of bundles——— • ,0———————— 0
Miss (ng)————————— 0————————— 0

A.3 Tout numbir of clusters-——— 0—————-—— 0
Mm (ng)————-——— 1-—————-—- 0

A.4 Totil nunber of mitrlx/debris-- 0——————-—• 0
Miss (ng)———————— 0———————— ' 0

11,1 Totil nunbir of isbettos structures—— I——•—————— 1540

B.2 Chrysotile——————————— I————————— 1540
B.3 Amphibole——————————— 0————————— 0

Crocidolite—
Tremollte——
Amosite———
Anthophxll id-
Act Inoliti——

C.I Totil miss of asbestos milysid; <fte,>— .0000124-————————— .0197

D.I Totil number of structuris——————— 2————————— 3130

E.I Not Idintlfiid structure*-—-••——— I-——--——•—— Uou

F.I ConmnUl___MODERATE TO LIGHT DEBFISl FINE PARTICLES, OROANICS, A ______

___________FEW LARGE PARTICLES ______________________

P AR30M50

B-209



TEM ASBESTOS AIR REPORT • p

CLIENT! EPA • ' SAMPLE DESCRIPTION! SAS 3482C-» •&
EMS LABORATORY NO. 11174 RECEIVED(DEC,17,1?$? ANALYSED(JAN.14, 1988 ̂
FILTER TYPE! PCF AREA OF FILTE-1 IN iw'2l 385 C\"
VOLUME OF AIRi <H AREA OF SAMPLE ANALYSED !N mn'2t .074 "i
METHOD OF ANALYSIS! ERA-ALL SIZES '

COUNTED IN TEH CALC.'WTED PER FILTER

A, Aibiitoi Structuri Description! .1
A.I Totfl nunber of fiber*————— I——-—————— 5ZOO

Mm (ng)-————————— .0000!;,*—————————— ,0454 r-
A,l.I Chrj,»otill Number—— I—-——————— 5200 I

Mm (ng)———— .OCi'0124-————•———— .0454
Wry lot IU c.i:t D.strlbution

Fiber Length! Rmgi (microni)——— 1,1 1.1 Mean 1,1 I
Fiber Diameter! Rmge(micron*j—— .075 ,075 Mean .075 '
A*pect Ritloi Rmge———————— 14.7 14,7 Mean 14,7

MIL \n»>——-— .•———————————-- u
anphiboU Size OUtr'bution

Fiber Length) Range \micron*)——— 0 0 Mean 0 fy
Fiber Diameter) Range(micrami-'—,, 0 0 Mean 0 L..
Atpect Ratioi Range———————— 0 0 Mean 0

§ '
n»> MiS:———~————-— i.——-——-—————- v

A.3 Total number of c'uittrt——— 0————————— 0 if
' Mm (09)———————- 0———-————- 0 01;!

A.4 Totil number o< •natri:i/debri|— 0——-—————>• 0 ra
Mm <ng)————————— 0—•———————— 0 M

B.I Totil numbir of nbestos structure*—— I————-————- 5200
fB.2 Chry»otile—————————— 1————-——— 5200 I.

8.3 Anphibole———•—•———— 0————————— 0

Croeidollte—
Trimoliti——
Amositi—•—
Anthophylllte—————— ————————— f"
Aetinolite——————-— ———-————— 1.

C.I Totil mm of asbestos analysed! vng>™ .0000124—————————- ,0454 i

0.1 Total number of structures——————— 2—————————- 10400

E.t Not Identified structures——-———— I————————— 5200 j

F.I Comments)__MODERATE TO LIGHT DEBRIS) FINE PARTICLES, ORiS*<NICS, 4 __________

___.________FEW LARGE PARTICLES ________________ I

AR30M6I Q

B-210

It tht page filmed in thit frame it not at ntadabU..on ltgiblt.at̂ tkit̂ '-̂
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TEM ASBESTOS AIR REPORT

H- CLIENT! EPA ' ' SAMPLE DESCRIPTION! SAS3482C-5
EMS LABORATORY NO, 11174 RECEIVEDiDEC.17,1987 ANALYSED)JAN.14, 1988

P) FILTER TYPE! PCF AREA OF FILTER IN mm'2i 385
VOLUME OF AlRl 3903 (L) AREA OF SAMPLE ANALYSED IN m'2l .074
METHOD OF ANALYSIS! EPA-ALL SIZES „

COUNTED IN TEM CALCULATED PER /H "3

A, Aibtstos Structuri Ditcriptioni
A.I Totil number of fibers———— I————————— 1330

Mm (ng)—•——————— .000053————————— .0704
A.1,1 Chrysotile Numbir— 0————————— 0

Mm (ng)———— 0———————— 0
Chrxsotlle Size Distribution

Fiber Length! Ringe (microns)——— 0 0 Mean 0
Fiber 0 limit in Rmge(mlcrons)—— 0 0 Mean 0
_Asptet Ritloi Rmge———————— 0 0 Mean 0

A,2.1 Amphlbole Number—— I—————————— 1330
Mats (ng)———— .000053————————— .0704

Amphibole Si:t Distribution
Fiber Length! Rmge (microns)—— I I Mem I
Fibir Diameter! Range(mlcroni)—— ,15 ,15 Mem ,15
Asptct Ritioi Rangi———————— 4.47 4.47 Mtm 4.47

A.2 Totil number of bundlei——— 0————————— 0
Mm <ng)——————— 0—•——————— fl

A.3 Totil numbir of clusters——— 0————-——— 0
) Mass (ng)—————•—— C—•——————— 0 H

A.4 Total number of natrix/dibris— 0——————•— 0
Mm (ng)———•———— . 0————————— 0

8,1 Totil numbtr of nbestoi structure*——. I————————— 1330

8.2 Chrysotili——-——————— 0——————•—— 0
8.3 Amphibol*———-—•——--— .——.—————— 1330

Crocidolite——-——-— • !—————————— 1330
Tremolite————————— ..................
Amosite————•———— ..................
Anthoph/llitf—————- ...........——.
Actinolite——•——- —•——————— i

I C.I Totil mist of isbestot analysed! <nji— .OOOOJ3————————— .0704

' D.I Total nunber of structure*——————— I—————————— 1330

i E.I Not Identified itructuri*--——————— 0————————— "o

F.I CommenUi__LIOHT TO MODERATE DEBRIS _________________________

_ClS04 FIBERS DECOMPOSE IN ELECTRON BEAM

,O «R30!I62

B-211
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TEM ASBESTOS AIR REPORT , I
• m

CLIENT! EPA SAMPLE DESCRIPTION) SAS3482C-5
EMS LABORATORY NO, 11174 RECEIVED I DEC. 17,1987 ANALYSED) JAN, 14, 1988 /-y,
FILTER TYPEi PCF AREA OF FILTER IN mm'2) 385 l ..J
VOLUME OF AIRl <L> AREA OF SAMPLE ANALYSED IN nV2l .074 •
hETHOO OF ANALYSIS! EPA-ALL SIZES

COUNTED IN TEM CALCULATED PEP FILTER |~

A, Atbtitos Structuri Description:
A.I Totil numbir of fibers————— I-——•————— 5200 _

Miss (ng>—————————— .000053-——-—•——- .274 I
A, 1,1 Chrysotile Number—— 0--——•———,.— 0 '-;':

Miss (ng)-———— 0—————————— 0
Chrysotile Size Distribution T'"'

Fibir Length! Range (microns)——— 0 0 Mem 0 [..,;
Fiber Diameter! Rmge(mlcrons)—— 0 0 Mean 0
Aspect Ritioi Rmgi———————— 0 0 Mem 0 _

A.2.1 Amphibole Number—— 1--——*———— 5200 l~-
Mm (ng)———— .000053-————————— .274

Anphlbole Size Distribution If I
Fiber Length! Rmge (microns)—— I I Mem I |_
Fiber Dimeter! Rmge(nicrons)—— .15 .15 Mem .19 '
Aipict Ritioi Rmge———————— 4.47 4.47 Mem 4.47 _,

iA,2 Totil numbir of buodltt——— 0——————---- 0 »
Miss (ng)—————— 0———————— 0

A,3 ToUl nunbir of clusters——- 0——-————— 0
Mm (ng)———————— 0———-————— 0

A.4 Totil number of mitrix/dtbrl*-- 0———————— 0 fjS
Mm (ng)———————•- 0————•——— 0 E.

B.I Totil numbir of ubeitos structures—— 1————•——— 5200 m

8.2 Chrysotile——•——————— 0—--————— 0
8,3 Anphiboll———————————— I———————— 5200.

Crocidolite———————— 1-—-——————— 5200 l.
Tremol i te———•———— ——..............
Amoti te—————————— ———•————— f" I
Anthoph/llite—————— -•—--"-T-——— I
Actlnolite——-•———— •-——————— '

C.I Totil mas* of isbestos analysed! <&$)— .OOOOJ3————————— .274

O.I Totil nunber of itructures——————— I———•————— 5200

E.I Not identified structures——————— 0———————— 0
F.I Comnentti__LIOHT TO MODERATE DEBRIS ____________________

_____ClS04 FIBERS DECOMPOSE IN ELECTRON
AR30II63Q

B-212
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" TEM ASBESTOS AIR REPORT

CLIENTI EPA SAMPLE DESCRIPTION! EAS 3482C-*
EMS LABORATORY NO, 1117* RECEIVEDiOEC.17,1987 ANALYSED)JAN.14,1986
FILTER TYPE! PCF AREA OF FILTER IN nm'2i 385
VOLUME OF AIRl 3432 <L> AREA OF SAMPLE ANALYSED IN im'2i .074
METHOD OF ANALYSIS) EPA-ALL SIZES .

COUNTED IN TEM CALCULATED PER M *

A, Aibistos Structuri Discriptioni
A.I Total number of f loirs————— 0————————— 0

Mass (ng)————————— 0————————— 0
A.I.I Chrysotili Humbir--.-- 0—-——-•——•• 0

Mats (ng>———— 0————————— 0
Chrytotili Sin Distribution

Fibir Lingthi Rangi (mlcroni)——— 0 0 Mian 0
Fibir Dlamitiri RangKmlcronu--— 0 0 Miin 0
Aipict Ratio! Rangi———————— 0 0 Mian 0

A,2.1 Amphiboli Numbir-— 0—————————• 0
Man (ng)——— 0———————— 0

tapitibolt Si:i Dlitribution
Fiber Length! Rangi (microns)——— 0 C Mun fl
Fiber Olanitirt Rangi(microni)— •• 0 0 Mian 0

• Aspict Ratio! Ringi———————— 0 0 Mun 0
A.2 Total numbir of bundlis——— 0———————— 0

Man dig)————r-———— 0———————— 0
A.3 Total nunbir of

Mais (ng)

A.4 Total number of mitrla/'debrn— !••••—'•-—--—- M30
Mm <ng>——*———— .COCOI82———............. ,0241

B.I Total numbir of aibntoi itructuru—— I————————— 1430

B.2 Chryiotll t——————————-- ' 1—————————— 1430
6,3 Amphiboli——————•— 0...........———— 0

Croc I dot I ti
Trinolite ---

Anthophyltlti-
Actlnollti ——

C,l Totil mm of iibistii analyttdi (ngj— .0000132——•—-———- ,0i4l

0,1 Total numbir of itructurn—•• — •—— 1—————•———— 1430

E.I Not Idintifiid ttructurti—————— 0———————— 0

F.I Cowninti!__FINE PARTICLES P-'ERtWHERE) LIOHT TO MODERATE DEBRIS _____

O RR30116-J

B-213
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TEM ASBESTOS AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTION! SAS 3432C-4 p
EMS LABORATORY NO. 11174 RECElVEDiDEC.IMW ANALYSED!JAN.U, 1738 Li
FILTER TYPE i PCF AREA OF FILTER !f I mm 2! 335 '"'" '
VOLUME OF AIRi AREA OF SAMPLE ANALYSED Itl mn'Zl .074 /-
METHOD OF ANALYSIS! EPA-ALL SIZES ls,

COUNTED 1H TEM CALCULATED PEP FILTER

A, Atbettot Structure Difcriptioni |~
A.I Totil numbir of flb«r»————— 0—•—————— 0 |

Mm (ng)————————— 0———————— 0
A.I.I Chrysotili Numbir—— 0————————— 0

Mm (ng)———— 0—————•——— 0 | |
Chr'/iotili Si!* Distribution l! I

Fibir Length! Rungi (micron*?——— 0 0 Mean 0
Fiber Diameter! Rangi(mlcrons)-— 0 0 Mian 0 *
Aipict Ritioi Rmgt———————— 0 0 Mean 0 |

A.2.1 Amphlbolt Mumbir—— 0——————— 0
Mau (ng)———— 0-——————— 0 I

Amphibole Sizi Distribution |
Fiber Length! Ringi (microns)——— 0 0 'Hm 0
Fiber Diameter! RangKmlcrons)—— 0 0 Mem 0 _
Aspect Ritioi Rm.je———•———— 0 0 Mem 0 I

A.2 Totil numbir of bundlis——— 0————————— 0
Mm (ng)————-—•—. o—————— fl f

A,3 Totil numbir of clutter*——— 3———————— 0 li
Mm (ngi—;——————— 0—————.——— C

A.4 Totil numbir of mitna/dibrij-- !•——————•— 5200 l^*
fill* (nal-—————•—— .OOOCI82—————————— .0947

B.2 Chrysotile——————————— :•————————— 5200
B.3 Amplnboli————...————— 9.———•———— 0

B.I Total numbir of aibittot *tructuri»—— 1—————-——— 5200 _$

C
Croc idol it»———————— ————••———
Trimolitt———•—--—- •——••-.•—--— i':
«fflo*ite————•———— •———--———— ' I
rtnthoph/lliti—————— ..................
Actlnolite———————— ———-——-,— pi

C.I Total man of aibiitoi anil/M.s <n<}>— .0000132-————•———- ,0?47 *•• I'

0,1 Totil numbtr of structures—————— l————————— 5200
•

E.l Not identified structures———————— 0-———————— 0

F.I Comment*!__FINE PARTICLES EVERYWHERE) LIQHT TO MODERATE DEBRIS __________ I

AR30II65

B-214



• TtM ASBESTOS AIR REPORT
CLIENT! E"A ' SAMPLE DESCRIPTION) SftS 3-.62C-7
EMS LABORATORY NO. 11174 RECEIVEOiOEC.17,1787 ANALYSED) JAM. U, I96B
FILTER TYPE! PCF AREA,OF FILTER IN nw'2i 385
VOLUME OF AIRl 3207 <L1 AREA OF SAMPLE ANALYSED IN m'ti .074
METHOD OF ANALYSIS! EPA-ALL SUES CQ'JNTEO III TEM CrtLCUWTEO PER tV3

A. Asbestos Structuri DticriptiomA. I Total numbir of f btn«--— — j................. - JJJO
Mm (ng)————————— flOOOIIS———————»— .01??
A.I.I Chryiotlit tlumbtr—-' 3.-.——.......... 32-0

Mm (nj)————- ,0000115—-——————— .0107
Chr/iot It Size Dlitribution

Fibir Lingthi Rangi \micronO——— .55 '.,? Mem 1.125
Fiber DI meter i Rungtuiicroni)—— .05 .O1} Htan .0!
Aspict Ritioi Rangt——————•— 11 34 Mean 22.3

A,2.1 AntpMbolt Humbir—— 0--——•-—--'—— 0
Man \ng>--"——- 0-——————.-•-• 0

AmpMbOlt Sizt DistfiSutlco
Fibtr Lingth! Rangt '.micron*)——-' 0 0 Htan 0
Flbtr Diimtttn Ringtdnicroni)——- 0 0 Mtin 0
Aspict Ritioi Rangi-—............ 0 0 "tan 0

A.2 Total number'of bundlis——• 1—•••————— U20Mi«s (ng)———————— .0000234————————•• ,038 ;

A.3 Toti! numbtr of cluittri—•••- 0---——-.———-. 0
Mm (ng,1———————— 0—•—————— 0

A.4 Totil numbtr of mitnxi'dtBrii-- Q.......—........ n
Mils (ng)——————•—— 0————'••———— 0

6,1 Total nunbip o< aibistoi itructurti"---- • 3.......————— 4870
6,2 Chryutile—————————•- 3———............. 43-0
6.3 Amphiboli———————————— • 0—————————— 0 •.

Crocldolitt—————— ___...........
Trtmol 11*——————— __———,.—-—
flmoiitt—————————"" ___———.......
ftnthoph/l I i tt————— ___——————
Mtlnolitt——————"

C.I Total mm of isbestot Milxitdi <•«."" .000034'?—•——-""" • - *
.,.........——— 4473

D.I Total numbir of itructuru—•—""
,.„...———— I«0

Not Idintlfiid itructuru——•••—""
F.I Cownintil__LIOHT Ki MODERATE DEBRili FINE PARTICLES EWEPVUHERE

AR3QM66

B-215
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0fu
TEM ASBESTOS AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTION! SAS 3482C-7
EMS LABORATORY NO, 11174 , RECEWEOiDEC,17,1737 ANALYSEDlJAN.14, 1788
FILTER TYPE! PCF AREA OP FILTER IN mm'2i 385 (
VOLUME OF AIR) . <L) AREA OF SrtlPLE ANALYSED IN mm'2l .074 >-.
METHOD OF ANALYSIS) EPA-ALL SUES

COUNTED IN TEM CALCULATED PER "ILTER

A. Alblitos Structuri Ducrlptioni f~
A.I Total numbir of fibin————— 2———————— 10400 I

Mm (ng)———*————— ,0000115———————-— .0578
A.I.I Chryiotllt Number— 2——————-• 10400 ...

Mail (ng)———--- .0000115—————-— .0598
Chr/iotilt Si:i DlJtribution I •

Fibir Length) Rangt (microns)——-- .5! 1,7 Mun 1.125
Fibir Dlimitiri Rjngti'microrn)—— .05 ,05 Mun .05 i-
Aspect Ratio! Rangt——•————« 11 34 Mtan 22.5 ^

A.2.1 AnphiboU Numbtr —— 0—••——•—-—• 0
M»n (ngi———— 3—......——..... o |7T

wphiSoU Sizt Oiit.'ibution |*
Fibir Lingthi Ringt (microns*——— . 0 0 Mtan 0
Plbsr Dlimittrs Range''inicronii—— 0 0 Mian 0
Aspict Ratioi Rangt——*————— 0 0 'Uan • 0 IT

A,2 Total numbir of sundtti——— !——-—————•— 5250
Miss (ng1-———————— .0100234————————— .122 _,

A.3 Total numbtr o* cl.jitiri——— 0—————————— 0 Is.
Mm (ns.i————————— <!••——————— 0

A.4 Totil numbir of matri/.'dtbrri" C——-———«— 0 \LJi'
Miss <ng;—••—.——»•«. o......—...—.. o l̂f

U.I Total numbir of asbistot itructiirti—— 3.................. 15430 p

B.2 Chryiotili—--..—-——— • 3-—-—•——— ''15600
8.3 Anphibolt———....-.-....—.. 0.................. Q

f Croc I dot i tt——————"•- —•—————— I.
Trtmolltt————————— ..................
Auoiitt———-- -——-—' ———————— .,,
Anthoph'/llitt————••— —•——•———— I-
Actlnolitt———————— ————————— L,

C.I Total mm of aibiitoi inilyiMi <n$.i— .0000345"—•'——————— .132 ' p.

D.I Total numbir of structurts---- — •——— 4-———————— 20000 !••

E.I Not Idintlflid structure.—•••• — —— 1—————————— 5200 I

F.I Camentll___LIBHT TO MODERnTE C'EBPIli FINE PARTIC.E3 B/EBYIJHERE __________

B-216
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I TEM ASBESTOS AIR REPORT

nCL.ENTl EPA SAMPLE DESCRIPTION! SAS 34.82C-8
EMS LABORATORY NO. 11174 fiECEIVEDlDEC.l7.IW ANALYSED (JAN. 24, 1988

! FILTER TYPE! PCF "iP.EA OF FILTER IN mm'2! 335
VOLUME OF AIRl 3455 <L> AREA OF SAMPLE ANALYSED IN nrn'2) ,074
METHOD OF ANALYSIS) EPA-ALL SIZES

COUNTED IN TEM CALCULATED PER ms

A, Asbestos Structure Description!
A,I Totil number of fiber*————• 0————•—•—— 0

Miss dig)————————— 0————————— 0
A.I,I Chrysotile Number—- C—-———--——- 0

Mass (ng)———— 0—————————— 0
ChrviotM* S!:e Dlilnbution

Fiber Length) Range (microns')——— 0 0 Mean 0
Fibir Diameteri Rangidnicronsi—— 0 O . Mean 0
Aspict Ratioi Range———————— • 0 0 Mian 0

A,2,1 Hmpr.ibole Numbtr—— 0—————————— 0
Mis* (ng)———— 0—————————— 0

Anphibolt 5i:t Distribution
Fiber Length) Range (microns)——— 0 0 Mtan 0
Fiber Diameter; Rangi'microni)—— 0 0 Mtan 0
Aspect Ratloi Range———————— 0 « Mean 0

A',2 Total number of bundle*——— 0————————— 0
Miss (ng)———————— 0————————— 0

A,3 Totil number of clusters——— 0————————— 0
Miss (ng)————————— 0————————— 0

A.4 Totil number of matrix/debris— 0——•——————— 0
Miss (ng)————————— 0—————————— 0

8.1 Total number of asbestos itructurti—— 0-

B.2 Chrysotili————————-—— 0—————————— 0
B.3 Amphiboli———————————— ' 0———-———-— 0

Croc idol Iti—
Trtmolitt——
HfflOSltt————
Anthophyllite-
Actinolite—-

C.I Total miss of asbeitos »n*l;,!»>.: ngi— 0———————-—— '3

D.I Total number of itructurti——————— .!---———————— 2S50

L.1 Not identified structures————-—— 2—————————— 2350

F.I Comments!__LIOHT TO MODERATE DEBRIS ____________________

B-217
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TEM ASBESTOS AIR REPORT , •••

CLIENT! EPA SAMPLE DESCRIPTION) SAS 3482C-8 P
EMS LABORATORY NO, 11174 RECEIVEDI DEC.17,198? ANALYSED! JAN. 2<S, 1988 ft
FILTER TYPE! PCF AREA OF FILTER IN mm"2i 385
VOLUME OF AIRi <L> AREA OF SAMPLE ANALYSED IN mm'Zi .071 MY
METHOD OF ANALYSIS! EPA-ALL SIZES '" f"

COUNTED IM TEM CALCULATED PER FILTER '

A. Asbestos Structure Description! P
A.I Totil number of fibers————— 0————————— l> I ]

Miss (ng)————————— o——-—————— °
A.I.I Chrysotile Number—— 0-—-——•——— " r

Miss (ng)———— 0———•—————• °
Chrxsotlll Size Distribution '

Fiber Length! Ringe (microns)——— 0' 0 Mean 0
Fiber DI ami tin Range(microns)—— 0 0 Mian 0 I
Aspict Ritioi Rangi——————•- 0 , 0 Mean 0 ,.

A,2,1 Amphibole "imbtr—— 0——————T——- 0 ,-. \
Mass <ng)———— 0———————— 0 IL

•wiphibolt Sist distribution ** '
Fiber Length! Rangi (microns)——— 0 0 Mian 0
Fibir Diimetiri Range<microns:—— 0 0 • Mean 0
Aspect Ritiot Ringe———————— C 0 Mem 0
A,2 Totil numbir of bund'is——— 0————-———— 0 -* .

Miss <ng)————————— 0————————— 0 K

A.3 Totil numbtr of clusteri——— 0————-—•—— 0
Mass (ng)————.———— 0—————————— 0

A.4 Totil numbtr of mitrm/dtbrii" 0————————— 0
Mass (ng)————————— «————————— 0

B.I Totil number of asatstos itructurii-
B.2 Chrysotile———————————- 0—————————— 0 If!
8.3 Amphlbolt-——————————— 0—————————- ,0 |j;:

Croc idol Ite—
Trtmol i ti——-
Amosite———•
Anthophyllite-
Actinollte——

C.l Total miss of asbistos inil/jtdi vngi— 0————————— 0

D.I Totil numbir of structure——————•- 2——-———-—— 10400

E.I Hot idintifitd itructurts——--——•• 2——————•——— 10400

F.I Comnints)__LIGHT TO MODERATE DEBRIS _________________;

AR30II69 Q
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D

ON
TEM ASBESTOS rtIR REPORT

CUENTl EPA SAMPLE DESCRIPTION! M33482C-11
EMS LABORATORY NO, 11174 RECEI'-'EOlDEC I7,l?97 MMLYSEDlJAN 24,1988
FILTER TYPE! PCF AREA OF FILTER IN im'2i 335
VOLUME OF AIRl 3420 (L) AREA OF SAMPLE ANALYSED W nw'2l .074
METHOD OF ANALYSISlEPA-ALL SIZES

COUNTED Kl TEH CALCULATED PER I«'J

A. Aibistos Structuri Dtscrlptioni >
A.I Total numbir of flbiri———• 0—————— 0

Man (ng)———————?• 0——————— 0
A.I. 1 Chr/iotilt Numbtr— 0—-—————— 0

Mas. (ng)———— 0———————— 0
Chr'iotilt S'Zt Oiitributlon

Fibir Lingthi Rangi (microns)—— 0 0 Mun 0
Fibir Dlamtttri Rangi(mlcroni)—— 0 0 Mun 0
Aipict Ratioi Rmgt——————*—— C 0 Mun 0

A.2.1 Amphiboli Numbtr—— '.'—•-—————— D
MISI (ng'i———— 0—————————•- 0

Monibolt Si:i Siitribution
Flbtr Lingthi Rtnji (microns)—— 0 0 Mun 0
Fibir Diinitiri Ringttaicronn-—— 0 0 Mtan 0
Aspict Ratioi Ringi——————-—— 0 0 Mun 0

A.2 Total numbir of bundlts—— 0————————— 0
Mtsi (ng)———————— 3————•———— 0

A.3 Total numbir of cluittrs——— 0———————— 0
Mm (ng)———*——— 0————————- 0

A.4 Total nunbtr af mitri.'/dtbris — ' Q-
Miss (ng)———————— 0-

8.1 Total numbir of asbtito* itructurti—- 3-

8.2 Chrxiotilt————————'-•—- . C"———————•• 0
8.3 Anphltaolt—————————--— 0—*————-— 0

Croc idol I tt—
Trtmolltt—••
flmoiltt™—-
Anthophyliitt-
MtinolMt—

C.I Total mass of aibt*.tot analyst:! '•,.)'-" 0————-—-• 0

D.I Total numbir of structures—••••—— 0——-—————— 0
E.I Not Idintifltd itructurti—............ o—•——•———— 0

F.I ̂ i-ntl!___LIGHT DEBRIS,SMALL PARTICLES _________________

B-219
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TEM ASBESTOS AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTION! SA? 3482C -9 L,
EMS LABORATORY ND, 11174 RECE|i/EDtpEC,17,!?37 ANALYSED!DEC.30, 1988 W'
FILTER TYPE) PCF AREA OF FILTER IN mm'2i 385VOLUME OF AIR) (L) AREA OF SAMPLE AMALVSED IN nm'Zi .07«
METHOD OF ANALYSIS) EPA(ALL SIZES) COUNTED !« TEM CALCULATED PER FILTER
A, Aibntos Structuri Descriptor,) f~

A,I Total numbr, of fibtri————— 0——•————— ' I
Mar. (ng)————————— 0——•—-—— 0 '
A.I.I Chrxiotllt Numbir— 0——-••-————— 0

Mm (ng)———— 5-....—.——,.—— 0 [""
Chryiotllt Si.t Distribution [

Fibir Lingthi Rangi (microns.)——— 0 0 Mian 0
Fibir Diamitin Rangtdnicrons"—— 0 0 Mtan 0
Aipict Ritioi Rangi———————— 0 0 tlun 0 I

A.2.1 Amphibolt Numbtr—- 0—————•—— 0
Man (ng)——-— o................... • o

Anphibolt Si:t Diitribution I!;!
Fibir Lingthi Ringi (micronn——— 0 0 Mtan 0 IS;
Fibir Ditmetiri Rangt(microni)—— 0 0 titan 0
Aspect Ritio) Rangi-—————.-— 0 0 Mian 0 p
A.2 Total nunbtr of bundlis——— 0————————— 0 I*

Mass (ng)————•——•• 0————————— 0
A.3 Toial numbir of cUittrs—— 0————————— 0 I

Miss (nj)———————— 0————————— 0
A;4 Totil numbir of natrlx/dtbrn— 9————————— 0 J|

Mass (ng)———————— 0—————••—— 0 Q-'J
B.I Total numbir of iibtitos ttructurti——

B.S Chrxsotllt———.———— o————•-— 0
B.3 Amphiboli———-—————•— 0——•—————•• 0

Crocidoliti
Trtmolltt —
Anthophyllitt-
Actinoliti ——

C.l Total nass of asbittoi .tnilxstdi \n4.i"" 0———...——— 0
D.I Total numbir of structuru—-————- 0————————— 0 |
E.I Not idintlfltd structurts—-———. o—--—•——•-. 0
F.I Conmintst__MODERATE DEBRIS ______________________________ |

l!
AR30IIT3
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TEM aSBESTOS AIR REPORT

CLIENT) EPfl SrtlPLE RESCRIPT I OH I **« J482C-10
EMS LABORATORY NO, HIT* SECEIVED) i»«LT?EDl

O FILTER TYPE) PCF «REA Of FILTER IN mm':) .38?
VOLUME OF AIR) , !'.' -iR-i* CF M1PLE AlriLi'.EO IN wiri) ,074

1 METHOD OF ANALYSIS) EPA-ALL SIZES
1 CQ'.-.'TE.' IN TEH CALCULATED PER FILTER .

I A, Asbistot Structurt Oticript'sni
A.I Total number of fibers——•—- ;..—.........—- 10400

Mus <ng)——-——.—- .3001)05.——————- -C2'2
... A.I.I Chrxiot i It Number— 2-——•—•— 15400

M»is ing>———— ,cnfOi)?,i——————— ,02«2
I Chr,,<otilt Slri Dlstributir.

Fibtr Lungthi R»nqt (microns!-—— ." .« "**n •"
. Plbtr OiMiitir) Ringidnnroriii—— .05 .0! Mtan .05

Aspict Ritioi Rmgt———————• 1C 12 Mun II
A.2.1 AmslHboit Numbir-— 0-*————....... o

Man (ng)———— C——————•••••'" »
AffphisoU S.:* distribution

Fibir Ltnjth) R»n«t microns'1——-- 0 C Mun 0
Flbtr Dimeter i Rinqtimicrons)—— 0 ". , Mi.w 0

I Aspict Ritioi R.ngi————-——— 0 C "tan 0

L
6

.*•? Tot.I numbir of bundlis-—•- !••—————•—" -
Mats (ng)———————— 0————————— 0

A.3 Total number of cluit'tri——— 0————————— 0
Man (ng)———————— 0————————— 0

A.4 Total numbir of mttrlx/dtbn i-- a..-——...——•- 0
Man (ng)—•—————— 0————•——•— 0

B.I Total numbtr of iibistoi structur*.—— !•———————— 10400

8.2 Chrxsotilt————————••——• 1-——-————- 10400
8.3 Anphibolt——————————•- • 0--——————-— 0

Crocldolltt—
Trtmolitt——
wioiitt——
Hnthophxllitt-
Aetlnoli te-—

C.I Total mass of .-••:toi inalysedi t'ng)— 0-————————— ,CJ»2

0,1 Total numbtr of strucvrti———-•——-• 5————.......— 26000

E.I Not IdentMitd itructuris-—••-•—•• J-———-———— S'.'OO
F.I Commintil______________________________________

O : RR30U72

B-221
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JN TEM ASBESTOS AIR REPORT . -, i

CLIENT! EPA SAMPLE DESCRIPTION) SAS 3432C-IO Itl
EMS LABORATORY 110, 11174 RECEWEOiDEC 17,1987 ANALYSEOiJAN 18,1988 '
FILTER TYPE' PCF AREA OF FILTER IN.nm"2l 335 ( }>••••
VOLUME OF AIR) 3241 (Ll AREA OF SAMPLE ANALYSED IM Ml'21 ,074
METHOD OF ANALYSISlEPA-ALL SUES '

COUNTED IN TEM CALCULATED PER M'3

A. Asbistos Structuri Oiscnptioni I
A,I Total numbir of flbtrs———— 2——-———-- 31*0

Mats (ng)———————— .0000054———•—————— .0089*
A.I.I Chryiotllt Nunbir—'-- 2————————— 3190 r

Mass (ng)——•— .0000054—————•—•- .00894 I,,
Chrxsotllt Si:i Distribution

Fibir Lingthi Rangi (microns)-.—— .5 ,4 Mtm .55 ...
Fibir Dlamittri Rangt(mlcroni)—— .05 ,05 Mun .05 I
Aipict Ritboi Rangi————————— 10 12 Mun II I

A.2.1 Amphiboli Numbtr—— 0——————————' 0 r-i
MIU (ng)———— 0—————————— 0 Ll

itnphibolt Slit Distribution »».l
Fibir Lingthi Rangt (nlcron*)——— 0 0 Mun 0
Flbtr Dimitin Ringnmnroni)—— 0 0 Mun 0 r™
Aipict Ritiot Rmgt———————— 0 0 Mun • 0 |^

A.2 Total numbir of bundlts——— 0————————— 0
Mass (ng)———-——- o—.—.......—.... 0 I'1

A.3 Total numbtr of clu*ttri——— 0—••——————— 0
Mats (05,——••—————— 0————————— 0

A.4.Total nuinbtr of ,iatrU/deb"ii— 0——*—————— 0
Mass (ng)——'————— 0-————•—••- 0

B.I Total numbir of uotitoi strgcturt*—— 2—————————— 3190

8.2 Chryiotlll———————————— i—————••——— 3!90
B.3 Amphiboli-————...——...- o.............——. 0

Crocidolitt—
TrtmoliU——
Amosite——-
Anthophc'litt-
Actlnolltt——

C.I Total miss of asbtitoi .nil-stCi \n^>— ,0000054————————— ,00394 j"

D.I Total numbir of itructurti—— -••——— 5————————.-- 7'80

E.I Not Idintifitd structtirts------*——— !——•—————— 4770

F.I ConntntS!___LICHT TO MODERMTE PEePH ______________i____________

,, RR30U73Q
n
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j TEM ASBESTOS AIR REPORT

>*,CLIENT! EPA SAMPLE DESCRIPTION! SAS 3482C -11
C/EMS LABORATORY NO. 11174 RECEDED lOEC, 17,1987 ANALYSEDiDEC.30, 1968
I FILTER TYPE! PCF AREA OF FILTER IN mm'2i 335
1 VOLUME OF AIRl . <L) AREA OF SAMPLE ANALYSED IN im'2i .074

METHOD OF ANALYSIS) EPA(ALL SIZES) COUNTED in TEM CALCULATSO PER FILTER
A. Asbestos Structure Descriptions

A.I Totil number of fibir»————— 0———————— 0
Miss (ng)————————— 0—•——————— 0
A.l.1 ClHvsotMe Number——' 0————————— 0

Mm <ng)———— 0————————— "
Chrviotlle f»>zt D i s t r i b u t i o n

Fiber Length) Ring* (microns)——— 0 0 Mem 0
Fiber Diameter! R»ngi<micron»)-—— 0 0 Mian 0
Aipict Ratio) Rangi—————••-•— 0 0 .Mtm 0

A.2.1 Amphibolt Numbir—— 0————————— 0
rtait (ng)—-—— 0—-•—————•- 0

Amphlbo't Si:* Distribution
' Fiber Lingtht Range (microns)——— 0 0 Mem 0

Fiber Olameteri Rangt(m'crons.'—— 0 0 Mean 0
Atjiiet Ratioi Rar.gi————•——— 0 0 Mun 0

A.2 Total numbir of bundles——— 0——•————•—— 0
Miss (ng!———-——•— 0———-——••— 0

A,3 Tovil numbir of slustirs—-—— 0————————— 0
Miss (ng)—••——————— 0————————— 0

A.-) Total numb«" of nutrix/dibru" 0————————— 0
Miss <ng"————-———- 0--———-——— 0

B.I Totil numbir of tsbtstos itvjctur**——

6,2 Chrvsotile———••••—————— C—-——————— 0
8.3 ftnphibolt—————————— 0——————— 0

Crocido''ti—
Trtmolit*——
Amosit*———
4nthophxiM«-

C.I Totil nisi of iibiitoi »r.il,.i*ii 'n.)'— . 0-

0.1 Totil number of structurti——————— 0-

E.l Not Identified structures————••— 0-

F.I Comments!__MODERATE DEBRIS __________

B-223
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TEM ASBESTOS AIR REPORT
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CLIENT) EPA SAMPLE DESCRIPTION) SAS 3462C -II
EMS LABORATORY NO, 11174 RECElVEDlDEC.17,1983 ANALYSED(DEC.30, , 1988
FILTER TYPE) PCF AREA OF FILTER IN mm'Si 385
VOLUME OF AIRl 3241 'D ARErt OF StVIPLE ANALYSED IN Mi"2) .074
METHOD OF ANALYSIS) EPA(ALL SIZES)

COUNTED IN TEM CALCULATED PER M"3 _.

A. Atbtttos Structure Description! *'
A.I Totil number of fibers————— 0————————— 0

Mais (ng)———-———— 0————————— 0
A.I.I Chrxiotlle Number-— 0————————— 0

Mass (ng)————— 0—————————— 0
Chrxsotilt '3i2i Distribution

Fiber Length! Range (microns)——— 0 0 Mean 0
Fiber Diameter) Range(mierons)—— 0 0 Mem 0
Aspect Ratioi Range———————— 0 0 Mem 0

A.2.1 Amphibole Number—- 0————————— 0
Mass <ng>———— 0-————————— 0

Amphibole Site Distribution
Fiber Length! Range (microns)——— 0 0 Mem 0
Fiber Diameter) Ringi(microns»—— 0 0 Mem 0
Atpect Ritioi Ringe———————-- 0 0 Mem 0

A,2 Total number of bundles—--•- 0————————— 0
Miss (ng)————————— 0————————— 0

A.3 Totil number of clusters—'——,- "——————————' 0
Miss (ng)———————— 0-———————— 0

A.4. Totil number of mitrix/'debr ii— 0--———————— 0
Miss (ng)————————— C————————— 0

6.1 Totil number of aibeitos structures—— 0————————— 0 _,,,.

6.2 Chrxsotile———————-—— «-.-———————— 0 U.|
B.3 Amphlbole——————————— 0————————— 0

Crocidolite—.——•—'—— .....—.-————,
Tremolite——————— ——..............
Amosite;-—————————— ••—————————— _.,
AnthophxIMt——————— ' ————————— ["•'•
Actinolite————————— —————————— L

C.l Total miss of isbestos »n»l,'sed) 'Ing)— 0————————— 0 |

0.1 Total numbir of itructures——————— • 0————————— 0

E.I Not identified structuris———————— 0-————————— 0

F.I Comments!__.MODERATE DEBRIS ______________________________

(\R30lH5Q
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TEM ASBESTOS AIR REPORT

L ILIENTl EPA SAMPLE DE5.,'»IPTIOtl! Srij 3432C-I2
<••" IMS LABORATORY NO. 11174 RECEJ'.'EDiDEC \?,W ANAUSEC'iJrtN 20,1988
O'SLTER TYPE! pop . AREA OF FILTER IN mrls • 385
""VOLUME OF AIR) 3455 (L) AREA OF SAMPLE ANALYSED IN mm"2i .074

'1ETHOD OF ANALYSISlEPA-ALL SUES
COUNTED IK TEN CALCULATED PER ft'3

», Asbestos Structure Description!
A.I ToUl number of fiber*————— 0————••———— 0

Miss (ng)————————-- 0——————-—.- 0
A.I.I Chrxsotile Numbir—— 0————————— 0

Miss (ng)———— 0———————••— 0
Chmotllt Si.e DI«triSutioii

Fiber Length! Rmge (microns)——— 0 0 Mean 0
Fiber Diameter! Range(microns)—— 0 0 Mean 0
Aspect Ratio! Ringe———————— 0 0 , Mem 0

A,2.1 Amphibole Number-;-- 0————————— 0
Mass (ng)——— 0———————— 0

Amphlbole Si:t Distribution
Fiber Lengin Rangi unicron*)——— 0 0 Mian 0
Fiber Diameter) Rmge(microns)—-- 0 0 Mean 0
Atpect Ratio! Ringe——-————— 0 0 Mean 0

D
A.2 Total number of bundles——— t——-i.———— o

Mut (ng)-———-———— 0————————— 0

A.3 Totil number of clusters——— 0————————— 0 '
Mm (ng)————————— 0————————— 0.

A.4 Totil number of mitrix/'dibris-- 0————————— 0
Mitt (ng)—;——————— 0————————— 0

'.1 Totil numbir of itbtstos structures—— . 0-

8.2 Chrxsotile——————————— 0-————-——— 0
6.3 Amphibole————••——————— 0————————— 0

Crocidolite—
Trimolite——
Amotite———
Anthophflliti-
rtctinolite—-

.1 Totil milt of asbtitos mil/led! -.ng'— 0————————— 0

.1 Totil number of structures—•———— 3—————•——-- 4.270

.1 Not identified structure*-—-———— 3—--———-— J,;?o

.1 Comments!___SMALL PARTICLES DEBRIS TO MODERATE DEBPI. .SPORES, _____

__________A FEW LrtROE PuRTICLS• ______________________

AR30II76
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TEM ASBESTOS AIR REPORT ' , • i

CLIENTl EPA SAMPLE DESCRIPTION) SAS 3482C-12
EMS LABORATORY NO. 11174 RECEIVEDlDEC.17,1987 ANALYSED!JAN.12, 1988
FILTER TYPElMILLIPORE AREA OF FILTER IN rm"2! 385 I
VOLUME OF AIRl (L) AREA OF SAMPLE ANALYSED IN mm"2l .074 ._,
METHOD OF ANALYSIS) EPA-ALL SIZES (

COUNTED IN TEM CALCULATED PER FILTER j

A, Atbettot Structure Description) ,
A.I Totil number of fibers————— 0——•————-— "

Miss (nv——-—————— 0———————-— 0 '
A.1,1 Chrxsotile Number—— 0—---•———•— 0

: Miss (ng)———— 0——-————•— 0 i
• • Chrviotilt 3i:e Dis'rlbution |

Fiber Length! Rmge (microns)——— 0 0 Mum 0
Fiber Diameter! Range(mlcrons)—— 0 0 Mean 0 .
Aspect Ratioi Range———————— 0 0 Mean 0

A.2.1 Amphlbole Number—— 0————————— 0
Mass (ng)———— 0---———•———- 0 I

Amphibole Si:» Distribution |
Fiber Length! Rmge (microns)——— 0 0 Mem 0
Fiber.Diametiri Rmgi(mlcrons)—— 0 0 Mean 0 .
Aspect Ratioi Range———————— 0 0 Mem . 0 r

A.2 Totil number of bundles——— 0———————— 0
Miss (ng)———————— 0———————— '0 m>'\

A.3 Totil number of clusters—*— 0————————— . 0
Hits (ng)————————— 0————-———•- 0 _,, •

: ' rrl'iA.4 Total number of matrlx/dfbrii-- f)———————••—— 0 \J*«*
Man (ngi————————— 0————————— 0

6,1 Totil numbir of aibntoi structurei-

8.2 Chrxsotile ——————————— 0— --— ———— •'- 0 ..
8.3 Amphibolt ——— - ——————— 0— — — — ——— 0 J

Croc Idol i te
Tremolite •-•-• — •••- ——— J'

——. — '— - - ——— — •• ——— '— \,t
AnthophxI'Me —————— • ..................
Actino t i t e ————— ••- — — —————— •- _...

C.l Total miss of tsbestos inili'if.! ">.?' — 0 ————————— 0 *~

D.l Totil number of strur.tijrts ——————— 3 ————————— 15400 J

E.I Not identified itruct.rti- —— - — — — 3....... ........... 15400

F.I Commintlt ___ SMALL PARTICLE DEBRIS EVERYWHERE! SPOPE, A FEW LftROE PARTICLES _____ I

AR30M77
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TEM ASBESTOS AIR REPORT.

EPA SAMPLE DESCRIPTION! SAS 34S2C-13
'EMS LABORATORY NO. 11174 RECEIVED!DEC 17,1787 ANALYSED!JAN 14,1988
FILTER TYPE! pfiF AREA OF FILTER IN mm'2i 385
VOLUME OF AIR l 3420 (L) AREA OF SAMPLE ANALYSED IN m' 21 .074
METHOD OF ANALYSIStEPA-ALL SIZES

COUNTED IN TEM CALCULATED PER I1'3

A. Asbestos Structure Description!
A.I Total number of fibers—-—— 0—————-—— , 0

Mass (ng)-———————— 0————-——— 1
A. 1,1 Chrysotile Number—— 0————————— 1

Mass (ng)———— 0————————— 0
Chrxsotile Size Distribution

Fiber Length! Range (microns)——— 0 0 Mun 0
Fibir Diamtteri RangKmlcroni)—— 0 0 , Mun 0
Aipict Ritioi Rmgt———————— 0 0 Mem 0

A.2,1 Amphiboli Numbtr—— 0————————— 0
Miss (ng)———— 0————————— 0

Amphiboli Size Distribution
Fiber Length! Range (microns)——— , 0 0 Mem 0
Fiber Diameter! RmgKmlcrons)—— 0 0 Mem 0
Aspect RitiO) Rmge———————— 0 0 Mun 0

A.2 Totil number of bundles-——— l————————— 1520
Miss (ng)————————— .0014——————— 2.43

A,3 Total number of cluitirs——— 8-————————— 0
Miss (ng)————————- 0————-———— 0

A.4 ToUl numbtr of matrix/debris— 0————————— 0
, Miss (ng)————————— , C————————— 0

B.I Totil numbir of asbistos structurts—— 1————————— 1520

;v B.2 Chrxsotilt———————-——— 1—————-——- 1520
B.3 rtfliphibolt————-—————-- 0————-———- 0

Crocldollti—
Trtmol i te——
Amojltt———
Anthophxllitt-
Actinolite——

C.l Totil mass of asbestos inal.iedi <ngt— .001*————————— 2.43

D.I Total number'of structure*——————— '.———————-— 1520

E,l Not identified structure:——————— 0—————————•• 0

F.I Comments!__MODERATE PEBPIS.SPORES.nCROORflNlSHS.CfU.CIUM 'iULFriTE, _____

________FIME PARTICLES _______________n r> <?,-. i
Hl.O'J J TcT
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TEM ASBESTOS AIR REPORT

CLIENT! EPrt SAMPLE DESCRIPTIONS • SAS 3482C-13
EMS LABORATORY NO, 11174 RECEIVED!DEC.17,1987 ANALYSED!JAN.U, 1988 (~\ ...\
FILTER TYPE!1 PCF AREA OF FILTER IN mro'2i 385 '--••I
VOLUME OF AMtl <L) AREA OF SAMPLE ANALYSED IM nvn'2l .074 .
METHOD OF AWLYSISl EPA(ALL SIZES)

: COUNTED IN TEM CALCULATED PER FILTER pi

A. Aibestof Structure Description!
A.I Totil number of flberi————— 0——•——————— 0

Miss (ng)————————— 0——-——————— ° I
A.I.I Chrxiotlit Number—— 0—--———-——— 0 I...

Mass (ng)————— 0—————————— 0
Chrvsotilt S':e Dlitribut l o n |

Fiber Length! Rmge (microns)——— 0 0 Mtan 0 J.
Fiber Diameter! Rmge(microns)—-- , 0 0 Mtan 0
Aspect Ratloi Range———————— 0 0 . Mem 0

A.2,1 Amphlbole number—— ' 0——•—•——— 0 L|
Mas* (ng)——— I)————————— -

flmphibol* !!:» Distribution r?<i|
Fibir Length! Rmge (microns)—•••-.- 0 0 Mem 0 IM
Fiber Ditmetert RmgKmicron*1—— 0 0 Mun 0 *"•
Aspect Ritioi Ringe-———-——— 0 0 Mem 0

A,2 Totil number of bundles——— !—————————— 5200
Miss (ng)———————— ,0014————————— 3,32

A,3 Totil number of dusters——— 0—————————•• 0
Mass dig!———————••— ' C————————— 0

A,4 Total number of Mtri'./debrh™ 0—————————— C £S
Miss (ng)————————— 0—————•——— 0 III

S.! Toti, ̂umber of asbestos structures—— I-——————-— 5200 m

B.2 Chrxsotilt———-———------ I——————— 5200
B.3 Amphlbole———————— 0—....—........ c

Crocidolite——————— —————,——— I,..
Tremol i te————————— ..................
Amosite™———————- ——————— p-i
Anthophxllltt---—------- ————————— | I
Actinohte————-...-— --———-————- --I

C.I Totil miss of asbestos an4i,-i*i! 'Oiji— .0014—————————— 3,32

0,1 Totil number of structures——————— I————————— 5200

E.S Not idintified itructures——————•— 0—————————— 0

F.I Comments!___MODERATE DEBRIS) SPORE.! niCROOROWICSi CHLCIW1 SULFATEi _____

-______FINE PARTICLES _________________________flUSHI 179

' " O
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' TEM ASBESTOS AIR REPORT

i'""CLIENT! EPA ' SAMPLE OE8CPI"IOil!
EMS LABORATORY NO. 11174 RECEIVED (DEC I7.J987 ANALYSED! DEC 30,1 ?87
FILTER TYPE! PCF AREft OF FILTER IN mm'2) 365
VOLUME OF AIR) (L) rtREri OF SAMPLE ANALVSEO !N "m'2i .ON
METHOD OF ANALYSISlEPA-ALL SIZES

COUNTED If! TB» :nLCULr*TED PER FIITER

A, Asbestos Structure Description!
1 A,t Totil numbir af fibers————.- o—.......—..... o

Miss (ng)————————•- 0-———••———- 0
A.I.I Chrxsotllt Number—— 0-———————••- 0

Mass (ngi————— D————————— 0
Chrxsotile Size Di stribution

Fiber Length! Range (microns)——— 0 0 Mean 0
Fiber Diameter! Rmgumlcron*)—— 0 0 Mean 0
Aspect Ratio! Rmge———-———— 0 0 Mean 0

A.2.1 Amphibole Number—- 8————————— 0
Mass (ng)———— 0————————— 0

Pmphibote 'siz* Qiit^bution
Fiber Length! Rmge ^micron..1—— f 0 M*m 0
Fiber Diameter) Range(microns)—— 0 0 Mean "

:,;,, Aipect Ritioi Ringi——————— . 0 0 titan 0
A.2 Totil nunbir of buno'ei--T—— •;•-•——————— 0

Miis (ng>————————— 0————————— 0

A.3 Totil number of clutters——— }—————•——— 0
Mass ug)————————— ')————————— 0

A.4 Totil numbtr o* m»ir ii.'debr: i •• •;——-.——— •-••— o
Ma.s (ng)————————— 0————————•- 0

B.I Totaltiumber of asbestos itructures—— 0-

B.2 Chr'xsotlle-———————......... o-—-————•- o
B.3 Amphibole——————————— 4--—---———... n

Crocldolitt
Trtmoliti

Ar,'.»>oohxllltt-
Actinolite— -

C.I Total mass of atbtsto* *nal..i+.3i <.r,.̂ -— o————. —— •- ; o

D.I Total number of structure*——————— 0——••——————— . 0

E.I Not identified itructures—————-•— 0-————-——— 0

F.I Comments!__LIGHT DEBRIS _________ _______ _____

AR301180

B-2J9



A.3 Totil number of clusters-——— 0-
MISI (ng>————————— 0-

Crocidolite—
Tremollte——
Amosite———
AnthophxMite-
rtctlnollte—-

C.I Totil mis* of asbestos mttxied; <ri,j'— 0————————— 0

0.1 Total numbir of structure*——————•••- !-••———————— 5200

E.I Not identified »tructurts———————— 1————————— 5200

Fit Comment*!__LIGHT DEBRIS __________________________

iTEM ASBESTOS AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTION) SAS 3462C-15 Q,
EMS LABORATORY MO. H',74 RECEJVESiDEC I?,193? ANALYSEOiCjEC 30,1 ?3? -j
FILTER TYPE! PCF "P-EA OF PILTER IN ram'21 385 '
VOLUME OF AIRi >'L) ^REA OF SAMPLE ANALYSEi IN mro'2: .074
METHOD OF ANALYSISlEPA-ALL SICES T

COUNTED IN TEM CALCULATE? PER FILTER |

A. Asbestos Structure Description) r-
A.I Totil numbir of fib»ri-——— 0——-—-——-- 0 I

Miss (ng)——————-—— 0—••——————- 0
rt.1.1 Chrxsotllt Number—— 0————————— 3

Mass (ng)————— 0———-————-- 0 j"
Chrxsotile Size Distrib u t i o n I

Fiber Length! Ring- (microns)——— 0 0 Mean 0
Fiber Diimeteri Rmge(mlcrons)—— 0 0 Mean 0 m~
Aspect Ratioi Range———————— 0 0 Mean 0 ^

A.2,1 Amphibole Number—— 0—————————— 0
Mass ing)———— 0——-—————— 0 If

r-nphibolf Size C'istritution • L.
Fiber Length! Range (micron;)——— 0 0 Mem 0
Fiber Diimeteri Rmge(microns)—— (l 0 Mem 0 «:
Aipict Ritioi Range———————— 0 0 Mem 0 I

A.2 Totil number of bundles——— 0————————— 0
Miss (ng)——'—————• 0————————— 0

A,4 Totil number of nitrlx/debrii— . '. 0————————— 0
Miss (ng)————————— 0————————— 0

B>) Totil numbir of asbtitos structures—— (j.................. g !;•

8,2 Chrxsotlle—————————— 0————————— o r
6.3 Amphiboli—————————-— 0——-————— 0 j

B-230
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I
)"'• ' TEM nJEEiTQS rflR REPORT

,QlENTl EPA 'WIPLE PESCRIfTIOMi S*? .J?2.-l!
EMS LABORATORY HO. Ill"* RECEIVEOlOEC I?,1*8? WKL.'SEOit'EC 30,l?8?

' FILTER TYPE! PCF «REA OF "UTER U« nro'2i 38?
VOLUME OF AIR) 'L) rtfEr. OF M1PLE ANALYSE'.. IN wit1:! .074
1ETHOD OF ANALYSISiEPA-ALL SUES

COUNTED IN TEC CALC'.'LATE? PER FILTER

4, Asbestos Structure Description!
A.I Total number of fibers--———— 0—————-—•— 0

Mass <ng.t————————— 0———————•— 0
A.I.I Chrxsotile Number—— 0————-———— 0

Mass (ng)———— 0————————— 0
Chrxsotile Size D i s t r i b u t i o n

Fiber Length! Range (microns.)——— 0 0 Mem 0
Fiber DUmeten Rmge(microns)—— 0 0 Mem 0
Aspect Ratio) Rangt—-—-———-- 0 0 Mem 0

A.2,1 Amphibole Number—— 0————————— 0
Mass (ng)——— 0————..———, 0

i-*nphibo!e Size Distribution
Fiber Length) Range (microns)——— 0 0 Mem 0
Fiber Diimeteri Rangeimicrons)—— 0 0 Mtm 0

' Atptct Ritioi Rmgi———————— 0 0 Mtan 0

D A.2 Total number of bundles——— 0————————— 0
Miss <ng>——————r— 0———————— 0

A,3 Totil number of cluster*——— 0————————— 0
Mm (ngi—————-——;- 0————————— 0

A.-I Totil number of raitrin/debris— 0———————— 0
Mass (ng)————————— 0————————— 0

3,1 Total numbir of asbtstos structure*—— 0-

6.2 Chry-otlle——————-———— 0-
6.3 Amphlbole———————-•— Q-

Crocidolite—
Tremolite——Anotite———.
Anthophxllitt-
Actinolltt——

C.I Total miss of at&tstot inilyiid: (n.j1--- 0————•—•- 0

j ).t Total numbir of structure*—————•• •- 1-—————-—— 5200

E.I Not idtntlflid structure*—————— .......——........ 5200

M Comments!__LIGHT DEBRIS _________________________

Q__________________

B-231
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TEM ASBESTOS AIR REPORT

CLIENTl U.8.E.P.A SAMPLE DESCRIPTION) SAS-3482C-U TRIP BLANK
EMS LABORATORY NO. 11174 RECE.VEDlOEC.17,1987 MtALYSEDiDEC.30,1987 f^,
FILTER TYPE! NILLIPORE AREA OF FILTER IN im'2t 3B5 -*.
VOLUME OF AIR) (L) AREA OF SiWPLE ANALYSED IN IOT'2) .146 |
METHOD OF ANALYSIS! EPA

All till* COUNTED IN TEM CALCULATED PER FILTER

A. Aibntoi Structure Description) *
A.I Total nunbtr of fibers————— 0——•————•— . 0

'Mas*(ng)-T———————— 0————————— fl p-
A.I.I Chrxsotile Number—— 0————————— 0 I

Miss (ng)———— 0————————— fl *•••
Chrxsotllt Sin Distribution

Fibir Lingthi Ringi (microns)——— 0 0 Mtm 0 t
Flbtr Olantttri RangKmlcroni)—— 0 0 Mean 0 I
Aipect Ritloi Rangi———————— 0 0 Mian 0

A.2,1 Aiphibolt Numbir-— 0—————————— 0 if
Mass (ng)———— 0—————————— fl fc;

Anphlbole Slit Distribution
Fibir Lingthi Rangi (microns)—— 0 0 Mi in 0
Flbtr DlMitin Rangi(mlcrons)—— 0 0 Mian 0 IT
Aipect Ratio* Rmge——————— 0 0 Mean 0 , |_

A.2 Total nunber of bundle*——— 0————-—-—— fl m
Mm (ng)———————— 0————————— fl •:

A,3 Totil nunbir of cluster*——— 0————————— 0
Mits (ng)—-———-—— o———————— 0 .~m

UPA.4 Totil nunbir of nitriK/dibrli- 0—•—————— 0 A"
Miss (ng)———————— 0———————-— fl

B.I Totil nunbir of iibistos structurn——

8.2 Chrxsotlll——————————— 0——•—————— 0
B.3 Anphibolt———————————— 0——-———-——— 0 If

Croc i do) I ti—————'•- •——————•——
Trmoliti———————— ——-———-——— «,,
flmo«lti————•———— ——-————— i"!l
Anthophxlllti———•——— •————•——— **>
Actinol I ti———————— ——-————-

0.1 Total numbir of structurts————— fl——————•—— 0

E.I Not idintlfild structuri*———————— 0—————————— 0 |

F.I CoMiintsi ' LIGHT DEBRIS ________________________________

/"-\
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TEM ASBESTOS AIR REPORT

l U.S.E.P.A SAMPLE DESCRIPTION! SAS-34B2C-17 TRIP BLANK
I >I8 LABORATORY NO. 1117o RECEIVEDIDEC,17,1987 ANALYSEDiDEC.30,1987

FILTER TYPE) MILLIPORE AREA OH FILTER IN mm'2! 3B5
VOLUME OF AIRi (L) AREA OF SAMPLE ANALYSED IN mm'2i .148
METHOD OF ANALYSIS! EPA

All siies COUNTED IN TEM CALCULATED PER FILTER

A. Asbestos Structure Description!
A.I Tot*l number of fibers————— 0————————— 0

Matt (ng)—————————— 0——————r——— 0
A.I.I Chrxtotlle Number—— 0————————— 0

Miss (ng)———— 0————————— 0
Chrxsotile Slti Distribution

Fibir Length! Rmge (microns)-—— 0 0 Mem 0
', Fiber Diameter! Range(mlcrons)—— 0 0 Mean 0
Aspect Ratioi Range——————-— 0 0 Mean 0

A.2.1 Amphibole Number—— 0————————— 0
Miss (ng)———— 0—————————— 0

Amphibole Size Distribution
Fiber Length! Ringe (microns)——— 0 0 Mem 0
Fiber Diimeteri Ringi(microns)—— 0 0 Mian 0
Aspict Ratioi Rangi———————— 0 0 Mian 0

b
A.2 Totil numbir of bundlis——— 0————————— 0

Mm (ng)————————— 0————————— 0

A.3 Totil 'numbir of clusters-——— 0————————— 0
Mm (no,)———————— 0—————————— fl

A.4 Totil number of matrix/debris-- 0————————— 0

8,1 Totil number of asbestos structures——

8.2 Chrxsotile——————————— 0——•——————— 0
6.3 Amphlbole———«——————— 0—-•—-———•- 0

Crocidolite—
Trimollte——Anosi t(.......
Anthophxllite-
Actlnolitt——

:,l Total mass of asbestos malxsed; (ng)— 0————————— 0

O.I Total number of structures————-—— 0————————— '0

...Not identified structures——————— 0————————— 0

B.l Comments)__LIGHT DEBRIS _________________________

AR3Q118-,
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A. Aibntot Structuri Oiscrlptloni
A.l Total number of flbiri ————— 0—— — ..—— — - o

Fibir
Flbtr
Atpect

Fiber
Fiber
Aiptct
A. 2 To

A.I.I Chrxiotllt Number ——
Matt (ng) ————

Chrxsotlle Slit D
Lingthi Ringi (microns) ———
Dlinittri Ringi(mlcroni> ——

A. 2.1 Anphlbole Nunber ——
Hats (ng) ————

tophi bolt Site DI
Length! Range (micron*) — — •
Dianitiri Ringe<mlcron»>— —

A. 3 Total nunber of clusters———
Hut (ng)— — — — — ——

A.4 Totil nunbir of nitrin/dtbrlt—

strlbution
0 Mun
0 Mean
0 Mem

itributlon
0 Mean

) fl Mean
1 ..... 0 Mean

_________ A

Crocldoliti——
Tremolite

Anthophxlllti—
Ac ti no) Mi———

C.I Total mm of isbntos malxstdt (no,)— Q.................. g

D.I Total numbir of structuris——————— 0——•—————— 0

E.I Not Idintlfied structurn———-——— 0——-—————— 0

F.I Conratntsi__LIOHT DEBRIS __________________________

•••• nrt I,,.

li"».
IliiivTEM ASBESTOS AIR REPORT

CLIENTl U.S.E.P.A SAMPLE DESCRIPTION! SAS 3482C-I8 TRIP BLK X
EMS LABORATORY NO. 1117. RECEIVEDIDEC,17,1987 ANALYSED I DEC.30,1987 ( )'".
FILTER TYPE) M1LLIPORE AREA OF FILTER IN m'Zt 385 * |
VOLUME OF AIR) (U AREA OF SAMPLE ANALYSED IN mm'2l ,I4B
METHOD OF ANALYSIS! EPA _

All tins COUNTED IN TEM CALCULATED PER FILTER

1

I

C

8.1 Titil numbir of aibistos structures——

BJ Anphibele——————————— 0———————— 0 j

t:
t:

HR30ll85r,v.r(j
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ft
TEM ASBESTOS AIR REPORT

CLIENTl U.S.E.P.A SAMPLE DESCRIPTION! SAS-3482C-I9 TRIP BLANK
EMS LABORATORY NO. III7« RECEIVEDiOEC.17,1987 ANALYSED)DEC.30,1987
FILTER TYPE! MILLIPORE AREA OF FILTER IN mm'2l 3B5
VOLUME OF AIRi (L) AREA OF SAMPLE ANALYSED IN mm'2) .148
METHOD OF ANALYSIS) EPA

All iliis COUNTED IN TEM CALCULATED PER FILTER

A. Asbistos Structuri Dncrlptlon!
A.I Total numbir 'of flbtr*———-— 0————————— fl

Mass (ng)————————— 0—-—————— 0
A.I.I Chrxwtile Numbir—— 0—-——-•——" •

Mass (ng)———— 0—--—————- «
Chrxiotllt Slst Distribution

Flbtr Lingthi Rangt (microns)——— 0 0 Mtm 0
Fibir 01 nutter i Rmgi(mlcrons)-—— 0 0 Mtan 0
Aspict Ratioi Rangi———————— 0 0 Mtan 0

A.2.1 Anphlboli Numbtr-— 0————————— 0
Mass (ng)———• 0————————— fl

Anphibolt Slzt Distribution
Fibir Length! Rangt (microns)——— 0 0 Mian 0
Fl.btr 01 KII tin Rangt (microns)—— 0 fl Mtan 0
Aspict Ratio) Ringi—————•—— 0 . 0 Mian 0
A,2 Total nunbir of bundlts——— 0————————— fl

Mass (ng)———————— 0————————— fl
A.3 Total numbir of clusters-—-— 0—————— 0

Miss (ng)——————-—— 0————————— fl
A>4 Total numbir of matrlx/dibrls— 0-——.....——- o

Mass (ng)———————— 0————————— 0

6,1 Total nunbir of asbistos structurts——

6.2 Chrxwtile—————————•—— 0—————— 0
8.3 Amphiboli———————*—— 0—————— 0

Croeldollti—
Tremol He——
Anoslti———
Anthophxllite-
.••'ilBolite——

C,l Total mass of aibntoi inalxsed) <ng)— 0————————— 0
0,1 Total numbir of structures——————— 0————————— 0

E.I Not idintiflid itructure*——————— 0————————— 0

F.I Comment*)__L10HT DEBRIS _________________________

U ••> AR30II86 v,
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TEM ASBESTOS AIR REPOPT f"Imi.
CLIENT) EPA SAMPLE DESCRIPTION) SAS 3482C-20 W
EMS LABORATORY MO. 11174 RECElVEDlDEC 17.1987 ANALYSED ) JAN 18,1988 ( V
FILTER TYPE! PRF AREA OF FILTER IN mnt'Zl 385 ~|
VOLUME OF AIR) 3454 (L) AREA OF SAMPLE ANALYSED IN mm'2i .074 '
METHOD OF ANALYSISlEPA-ALL SIZES

COUNTED IN TEM CALCULATED PER M'3 |

A, Asbestos Structure Description)
A.I Total number of fibers —— • —— 2— ————— • —— 2850 r~

Miss (ng) — ——----.— —— .0000144—— ——————— .0234 • I
A. 1.1 Chmotile Number—— 2 ————— • — • —— 2850

Mis* (ng) —— —— - .0000.0*-— ——— — — - -"234
Chrysotile Size Distribution j

Fiber Length) Ringe (m.cron*; ——— I !.2S Mem 1.425 I
Fiber Diameter! Rmgednicronsi —— .05 .05 Mean .05
Aipect Ratio! Range ——— - ———— 20 45 .Mean 32.5 p

A. 2. 1 Amphibole Number ——
M»s« (ng) ————

ole Size Distribution F"
Fiber Length! Range (microns)——— . 0 0 Mem 0 t,
Fiber Oiweteri RangedTiicrons)--— 0 0 "'em 0
Aipect Ritioi Range————————- 0 .•••'! Mew 0 .„

A.2 Totil number of bundles-—-- I— -———————- 1420 *
Miss (ngi——-•—————• .0000325——————- ..-143

rA.3 Total number of clusters——— C————————— 0 \̂J...
Miss (ng)——————-—- 0——-—————— 0

A.4 Totil number of matrix/debris— II — *———————— 15700 p
Miss (ng;——-—————— .DU0444—————————— .917 v-

B.l Totil number of Hbestos structures—— 14—————————— 19900 J

B.2 Chrxsotllt—————————•— 14—————————— 19900
B.3 Amphibole———-——————— 0—————————— ' 0, •;•••

Crocidolite——•——•——- ————————— ""'
Tremolite——•————— ——•——-——
Amosite—————————— ————————— P"
Anthophxliit*—————— ————————— L,
Actinolite———————— ......—————

C.I Total mass of asbestos an»l,'5tJi '.iij.1— ,000493—————————— .987 1!,
D.l Totil number of structure!——•———--- I?———•——————• 21400

E.I Not identified structure*——————— |.....—————- H2o |

F.I Comments!__ MODERATE TO HEAUT OEBP;i,SOt1E WROECHUriKS,SPORE3,OROriHIC MASSES_____ ,
j

AR30II87 O
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• TEM ASBESTOS AIR REPORT

/-vLlENT! EPA SAMPLE DESCRIPTION! SflS 3482C-20
.O.MS LABORATORY NO, 11176 RECEIVED). ANALYSED!

FILTER TYPE) PCF AREA OF FILTER IH mm'2s 385
1 VOLUME OF AIR t '.D AREA OF SAMPLE ANALYSED "I mm12i .074

METHOD OF ANALYSIS) EPA-ALL SIZES
i COUNTED IN TEII CfiLCULATED PER FILTER
I

A, Asbistos Structuri Inscription!
. A.I Totil numbtr of fibers——•— J——————— 10400

Miss (ng)——-——————— .0000144——•——————•- -0844
I A.I.I. Chrxsotile Number—— 2-—•———— 10400

Man <ngi————- .0000146———•————— -0844
i Chryjijtile Size Distribution

Fiber Length) Rangt (micronH——— 1 2.25 Mean 1.425
Fiber Dlamiteri Range (mi cron«>—— .05 .05 Mem .05
Aspect Ritloi Rmgt———————— 20 45 Mean 32.5

A.2.1 Amphlbole Number—— 0—————————- 0
Mts* (ng)———— 0————————— ' 0

Amphibole Size Distribution
Fiber Lingtht Range (microns)——— C 0 Mtm 0
Fibir Diamtter) Rmgednlcrons)—— 0 0 Mem 0
Aspect Ritioi Rmge———————— 0 0 ' flem 0
A.2 Totil numbir of bundle*——— V————————— 5200

Mass (ng)——•—————— ,0000325--———-———• .'U'

A.3 Total numbir of clusttr*——— 0———r—————— °
Miss (ng)————————— 0————————— 0

A.4 Total numbtr of matm/dtbf is-- • II———————— 57200
Mass (ng)————————— ,000»44—————————— 3.35

8.1 Total number of atbestot structure.—— ' .14—————————— 72300

B,2 Chrysotlle————•—————— ji——............. ijgoo
8,3 Amphibole———————————— 0————————— 0

Crocidolitt—
Trimo! lie——
fWioiite———-
Anthoph/llitt-
Actlnolite——

C.I Total mass of «;be.to» .n.b;*d; 'ng.>— ,003«93———•———-—— 3.el

D.I Total number of structures——————— 15———,—————— 78000

E.I Not identified structures--———•——— 1---———————-- 5200

F.I Conwtnti.

B-237
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TEM ASBESTOS AIR REPORT l

EPA SAMPLE DESCRIPTION! ' SAS 3432C -21 r-
-18 LA80RATORY NO. 11174 RECEIVF.OlDEC.17,1988 ANALYSED (DEC, 30, 1988 l|,
FILTER TYPEl PCF AREA OF FILTER IN mm*2l 335 •«*
VOLUME OF AlRl 3401 (L) AREA OF SAMPLE ANALYSED IN mnt'2i .074 Q
METHOD OF ANALYSIS! EPA(ALL SUES) "$

COUNTED IN TEM CALCULATED PER M'3 ||i

A, Asbestos Structure Description; f
A.I Total number of fibers————— 0————————— 0 m

Miss (ng)————————— 0--———————— 0 ""'
A. 1.1 Chrx»otlie Number—— 0-————————— "

Miss (ng)————— 0—————————— 0 IT
Chrysotilt Size Distribution L.

Fiber Length! Rangt (micron*)——— 0 0 Mean 0
Fiber Dlimetert Rangi(mlcroni)—— 0 0 Mtan fl ff!.
Aspect Ratio! Rangi———————— 0 0 Mian fl J.ii

A.2.1 Amphibolt Numbtr—— 'o«————————— 0
Mass (ng)———— 0—————————— 0 If

Amphibolt Site Distribution |ji<
Fiber Length! Range (microns)——— 0 0 Mean 0
Fiber Diameter! Rmge(microns)—— 0 0 Mem 0 __,
Aspect Ritioi Rmge——•————— 0 0 Mem 0 ||

A,2 Totil number of bundles——— 0————————— 0
Mist (ng)———————— ' 0————————— 0 m

m
A.3 Totil number of clutters——— 0————————— 0

Miss (ng)————————— 0————————— 0 r^i

A.4 Totil numbir of matrix/dtbrii— 0—————————— 0 "
Miss (ng)————————* 0—————————— 0

8,1 Totil numbir of isbntos itructures—— 0————————— 0 £!':'

8.2 Chrxsotile——————————— 0—————————— 0

Croc idolitt
Trtmolite
Amoslte—

B.Z cnrxsotue——————————— u————————— u .....
B.3 Amphiboli——-————————— 0-———-———— 0 |

Et,—.—....
Actinolite——••————— —————————— »--

C.I Total mis* of isbestos inil/itc: -ng"— 0—————————— 0 ***

D.I Totil number of structures——————— 0—————————— 0 I

E.I Not idintifiid strueturis'———————— 0—————————— 0 ii

F.I Commtntt!__MODERATE DEBRIS ______________________________ I

1R30II89
B-238



TEM ASBESTOS AIR REPORT

l-VlENTi EPA SAMPLE DESCRIPTION) SAS 3432C-21
NilS LABORATORY NO. 11174 RECElVEDiDEC.17,1987 ANALYSEDlDEC-SO, 1988
' FILTER TYPE) PCF AREn OF FILTER IN m'li 385
VOLUME OF AIR) 1000 (L) AREA OF SAMPLE ANAL/SEP IN mnV2i .074
METHOD OF ANALYSIS) EPA(ALL SUES)

COUNTED IN TEM CALCULATED PER FILTER

A, Asbestos Structure Description;
A,l Total number of fibers————— 8————————— 0

Mass (ng)——————-—— 0————————•- 0
rt,1.1 Chrxwtile Number—— 0————————— 0

Mass (ng)———— 0————————— 0
Chrxsotile Size Distribution

Fiber Length! Range (microns)——— 0 0 Mem 0
Fiber Olamtteri Rangtfmicrons)—— ' 0 0 Mian 0
Aipect Ritioi Range—•———-—— 0 I) Mtm 0

«.2.l Amphibolt Number—— 0————————— 0
Me,** (ng)——— 0————————-- • 0

Amphibole Size Distribution
Fiber.Length! Range (microns'——— 0 0 Mtan 0
Fiber Diameter! Rmgi<microns)—— 0 0 Mew 0
Aipect Ratioi Range———————— 0 0 Mean 0

A,2 Total numbir of bundle*——— 0————————— 0
Mass (ng)————————— 0————————-- 0

A.3 Totil1 number of clu*ttrs——— 3————————— 0
Mass (ngi———————T— 0————————— 0

A.4 Total number of mitrh/debr s— 0————————— 0
Miss (ng)--———————— 0————————•- 0

6.1 Totil number of asbestos structures——

8.2 Chrxsotili——————————— 0————————- 0
8.3 Amphlbole——-—-—————--' . 0—-—————•— 0

Crocidolite—
Tremol I tt-----
Amoslti———
Anthophxllitt-
ActlnolUe——

C.l Totil miss of K-stos mil/sent ',r,oi.i— 0————————— 0

0.1 Total number of structure*——————— 0————————— 0

E.I Not Identified structure*———————— 0————————— 0

F.I Comments!__MODERATE DEBRIS _________________________

B-239
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/ TEM *V58ESTO$ AIR MP8FT

CLIEHTl' EPA WI»i.E !»ESC»l"Tl*ii W !-?3>2i
EMS LABORATORY NO, ','•:•'• -E^IVEC! .'W.-.'.f--.
FILTEP TYPE) PCF MREf. 91" Fli,:El> !'! «a-.'! >3I
VOLUME OF AIP.) '21!' ''<•' .̂SA CF SWP'.s AIWL.'5s" i'! «" :)
METHOD OF AHALYS:?!

. AlblltOI SI-';!' !») U«..r.('t"J-.|
A.I ToUl rjmbe1 >;f '':eri— —

Mm (nf •••-••• .......
A. 1,1 Chr-iotiie NijntMr-

Fiber Dl«ieten Rjnjeinicronii —

— ,W;0!I

•;•* si:, s
.0

, « >

.01-

Ilr. tut, en
n

.05
4!1

Mten
Item
"tin

'.05:o,3

B.I Total numbir of aibntoi itructuru— —

6.2 Chr/sotile-——•——-———— 7—•'———•-— 11200
8,3 AmpMbole—--•-—————••— • 0———————•-— 0

Crocidolite—
Tremollte——
Anosite———
AnthophxUlte-
Actinollte——

AR30II9I
B-240 I

r
r
iA,2,1 Miphloole 'tobe'—•- «...—.—————•-

Men <ng)———— (!••—————..— ...-, o

Fibir LeiigW.i Pen,/ i*icrorn."'"-* " !. '1*«n " L,
Flbtr Pltmtttn P»n9t'.i.;i;ror.i'——• 0 3 i*e»f< 0
Aipe-t Hatloi R.ngt-——————••—• 0 0 Mean 0

ft,2 Totet numotr »< b.ndUi--—— I-——————• I*«0 Iii
Nass <ngi--———————• ,0000171-".————— ,'0273

A.3 Total numbir of •j'.jitin——- 0—•—————— 0 W
Man (ng!———•————— c————•———- 0 K

A.4 Total nunbir of m»tr i x'debr.s— 3--*———————• 4790 *$,
Mm 'rsJ———————— .OC0055"—•-— ————- .0889 (V]i;;

r
i

C.I Total mass of ubistos m»l>iedi ',n.j.— ,.'JOOO?4!—————————— ,131

D.I Total number of stnitturis—-————— 7————-———••- 11200 T

E.I Not idintifitd itructurti-——•——— 0—••—•——'—- C

F.I Conmin^l)__pODEIteTE OEBRI'i ______________________________ I



TEM ASBESTOS HIP REPOR*

CLIENT! 'EPA SAMPLE RESCRIPT 1 0( I Srt? 34IWC-22
EMS LABORATORY 110. U174 RECEIVES!
FILTER TYPE) PCF AREA O" FILTSP IN im'Si 363
UOLUME OF AIRt 1000 (L) AREA 3F VMPLE r«*LV3S: 1:1 *V2l • .074
METHOD OF ANALYSIS) ERA-ALL SUES

COUtlTED Itl TE!I Cr.LCUL«TE6 PER FILTER

A. Asbestos Structure Dticript'oni
A.I Total number of fi&eri———•-- 3—...————.....

Hess (ng!————————— .OM02I7———••———— .''.3
A.l.l Cftrxiot'Ie Number—'- 3-1———....— i;«no

Mm *ngi——'—— ,00«l?2!7———--——••••-- >!'l
Chr-Kt'M Si:e Oiitl"tut,on

Fiber Length) Range (mic"ons>— ••— ."5 J 'lun 1.415
Fiber Dimeter i Ranged) icr on n— •- .I! .05 Mtm ,03
Aspict Ratioi Range-————-•— '.. -t Mtm 28.3

rt.2,1 Amah.boit Number— 8——u——....... i)
*'lls 'nji.-.--..,. ,..,.......»-,-.....-). . fi

Fiber Lingthi Rmgt <nii!'oris.'—-••• 0 0 'tern 0
Flbtr Dlame'tri Rid^n'nturonsi"— 0 0 Mun 0
Aiptct Ratio) Rai^t——••————-- 0 U Mem fl

A.2 ToUl number of bunUlts——-• '.—-——————• 5200
Mm (ng)—————...... .OCQOI?!——•——••—— .089

A,3 Total numbt" o* clusttri-—— 3——.......—... o
Mis* (ngi———————— r...—......—...... o

A.4 ToUl iwcbtr o< natriA/debrii—' !————————— 13400
Mn» (no/1—-——......... .I'fliyfi———•—•—— ,'J'

B.I Total nunbtr of atbtttot liructiirti—— 7————.......... 34.100

B.2 Chr>t9tlle————............. . 7...................
8.3 Anphiboll———————————— 0———-—————— •)

Crocldolltt
Tremolitt —

Anthophfl!itt-
ftctlnolite ——

C.l Total miss of nbettoi «nat;iie4i ',!>}'•— .OUOOW?————»-——— ,472

D.I Total number of ttructurei"-——*—- - ?..-—.————... 34400

E.I Not idtntlfltd structure*————— . 0———————• 0

F.I Connintsi__MODERATE DF.8RIC. _____'.__________________

AR30II92

B-241



TEM ASBESTOS AIR REPORT . ,„*

JLlENTl EPA . SAMPLE DESCRIPTION) SAS 34S2C -23 _.
EMS LABORATORY NO. ISI7.J RECEIVED)DEC, 17,1937 ANALYSED!JAN.24, 1983 L
FILTER TYPE! PCF AREA OF FILTER IN rom'2) 385 •»•
VOLUME OF AIR I 3797 <L> AREA OF SAMPLE ANALYSED IN mm'2i ' .074 • p,
METHOD OF ANALYSIS! EPA(ALL SIZES) .̂.|

COUNTED iM TEM CriLCULrVTEO PER M"3 J

A, Asbestos Structure Description! r-i
A.I Total number of fibers————— 0————————— 0 I

Miss (09)—————————— C
A.1.1 Chrxsotile Numbtr—— 0

'Mist (ng)——-r- 0————-——— fl T'
Chrxsotile Sue Oistr'bution I

Fiber Length! Rmge (microns)——— • 0 ' 0 Mem 0
Fiber Diameter! Rmgt<mlcrons)—— 0 0 Mem 0 •
Atptct Ritlot Rmge————————— 0 0 Mean 0 I

A,2.1 Amphibole Number—— 0————————- 0
Mass (ng)———•• 0—————————- 0 [

Amphibole ?i:e D i s t r i b u t i o n I
Fiber Length! Range (microns)——— 0 0 Mem 0
Fiber Diameter! Range(microns)—— 0 0 Mem 0 .-
Atptct Ritlot Rmge———————— 0 0 Mem 0 I

A,2 Totil number of bundles——— 0————————— 0
Milt (no)————————— 0—————————— 0 f

A,3 Totil number of clusters——— 0————————— 0
Miss (ng)————————— 0—————————- 0

A.4 Totil number of mitrix/dtbrii-- 2—•——-————— 2740
Mitt <ne>)————————— .0000514—————————— .0707

8,1 Totil numbir of isbetto* structuris—— 2———————-— 2740 t£

8.2 Chrxtotili——————————— 2————-•———— 27,40 •
B.3 Anphibole——————•————— 0————-——— 0 I

Crocidolite———————— ' —————••———
Tremollte——————— ————,—,——, I"
Amosite—————————— —————————— I.
Anthophxl I i te——————— ..................
Actlnolite———————— ————————— p

C.l Totil mits of isbestos analxsf.! '''"}'— ,0000516————————'— .0707 ; '

0,1 Totil number of structures—••-•———— 3—————————— 4110 I

E.I Not identified structures——••—•—— 1—•——————— 1370

F.I Comments)__LIGHT TO MODERATE C'EB»IS

AR30!l93o'
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TEM ASBESTOS AIR REPORT

U.ENTI EPA • ' SAMPLE DESCRIPTION! ws 34320-23
EMS LABORATORY NO. 11174 RECEIVED! ANALYSED!
FILTER TYPE! PCF AREA OF FILTsK IN mm'2i 335
VOLUME OF AIR! (L) AREA OF SAMPLE ANALYSED IN iwn'Ji • ,074
METHOD OF ANALYSIS! EPA-ALL SIZES; COUNTED IN TEM CALCULATED PER FILTER
A, Asbestos Structure Descriptions

A,l Totil numbtr of fibir*- ——— -- ,3........ — ........ o
Miss (ntj) ——— - ————— 0 ——— - ————— 0
A.I.I Chrxsotllt Number —— 1 — —— ....——— 0

Mass t'ng) ———— 0 ———————— ••- 0
Chrxsotile Sue Distribution

Fibir Lingthi Rmgt (nticrons'i— — 0 0 Me*r 0
Fibir Dlamittri Rangetaicron!) —— 0 0 Mem 0
Atptct Ratioi Rmgt — • —————— 0 0 Mem 0

A. 2. 1 Amphibole Number-— 0—— — ----- — — 0
M»ss ',ng> ———— 0 ———————— — 0

Amphibole Size Distribution
Fiber Length) Rmge (mlcrons.i ——— C C Mem 0
Fiber Diameter) Rmgtdslcronn —— 0 0 Mem 0
Aspect Ritiot Rmgt ———————— 0 . 1 Mem 0

A. 2 Tota! number of bundles
Miss <ng.' — -

b
A.3 Totil numbir of duster*——— 3———,——,—.... 3

Mass (ng)—————.——— 0——————••••— 0

A.4 Total .-lumber o< iinfin/debrii— 2-——-••——•••••-- !0400
Mill (r.g)-*-——————— ,G?v0S!6--———————;— .263

'!;[:' 8,1 Total number of asbestos itructures—— ;•••——————— 10400

B.2 Chrxjotile—————————-— ' 2————————— 10400
8,3 Ariphlbole———————————— 0————————— 0

Crocidolite—
Tremolite——
rttioslte——.
rinthoph'llite-
Actinolite—

C.l Total mis* of asbettos mii/'sedi 'ng>— .OC'OOSIo————————— .2*8

! D.I Total number of structures—————— 3———————.—— 15400

E.I Not identified structure*——————— I————————— WOO

F.I Comment*!______________________________________

AR30H91,

E-243

H the page filmed in tkit frame it not at ntadabtt.M. legible.-.
label, it it due to tubttandand colon on condition oi the oniginatlipage.1



TEM.ASBESTOS AIR REPORT

CLIENT) EPA SAMPLE DESCRIPTION! SAS 34B2C -24 p I
EMS LABORATORY NO, 11176 RECEIVEDiDEC.17,1983 ANALYSEDiDEC.30, 1988 fcj
FILTER TYPE! PCF AREA OF FILTER IN mm"2l 385'
VOLUME OF AIRi (L) AREA OF SAMPLE ANALYSED IN mm'21 .074 /-y,,.
METHOD OF ANALYSIS! EPA(ALL SUES) I

COUNTED IN TEH CALCULATED PER FILTER •

A, Asbestos Structure Description! f~
A.I Total number of fibers—-—— o——————— 0 | |

Miss (ng)————————— 0——•——————— 0
A, 1.1 Chrxsotile Number—- 0—•———-— 0 -,

Mm (ng)———— 0—————————— 0 I
Chrv*otile Size Distribution *""• >

Fiber Length) Ringi <micron»>——-- 0 0 Mem 0
Fiber Diameter i Rmge(micronsi—— 0 0 Mem 0 I
Asptct Ratio! Range————-——— 0 0 Mean 0 _

A.2.1 Amphibole Number-— 0——————-—— 0
Mass (ng)———— 0—————————— 0

Ampnibott Sue Distribution
Fiber Length! Range (micron*)——— 0 0 Mean 0
Fiber Diameter! Rmge(mlcronsi—— fl 0 Mean 0 fT I
Asptet Ratio) Range———————— 0 0 Mem • 0 |_ |

A.2.Totil number of bundle*——— 0————————— 0
Miss (ng)————————— 0————————— 0

A.3 Totil number of clutters——— 0————————— 0
Miss (ng)—————•——— 0—————————— 0

A.4 Totil number of mitrlx/debrii—
Mas* (ng)——-————-

B.l Total number of isbesto* structures-

Croc idol ite—
Tremollte——
Amos Ite———
Anthcphx'litt-
Actinolltt——

cf
B.2 Chrxsotili——————————— 0—————————— 0 f"
8.3 Amphibole———————————— 0——-—————— 0 |!.

I.

I" IC.l Totil mis* of asbistos anal,.sedi (nai— 0————————— 0

D.l Total number of structures——————— t————————— 0 I

E.I Not identified structures———————— 0—————————— 0

F.I Comnentti__VERY LIGHT DEBRIS ______________________________

B-244
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I':!"; TEM ASBESTOS AIR REPORT

lO-IENTl EPA SAMPLE DESCRIPTION! SAS 3482C-25
"BIS LABORATORY NO, 11174 RECElVEDiDEC 17,1937 ANALYSED)DEC 30,1787

1 FILTER TYPE) PCF «REA OF FILTER IN mm'2) 385
VOLUME OF AIR) (L) AREA OF SAMPLE flH«LvSED IN mm'2) .074
METHOD OF ANALYSISlEPA-ALL SIZES

COUNTED IN TEM CALCULATED PER FH.TRR

[••A, 'Asbestos Structure Description;
A.I Totil number of fibers———- i———...... — 3200

• Miss (ng)—————————— .0000041————————- ,0212
A.I.I Chrxsotile Number—— I————————-- 5200

Mass (ng)———— .0000041————————-- .0212
! Chrxsotile Size Distribution

Fiber Length) Range (microns)——— .3 .3 Mtan .8
"•• Fiber Diameter) Rmge(microns)—— .05 ,05 Mem .05
:;,, Aspect Ratioi Range———————— lo le Mean U

A.2.1 Amphlbole Number—— 0—————•——— 0
/" Mass (ng)———— 0————————— 0

Amphibole Siie Distribution
Fiber Length! Range (microns)——— 0 0 Mem 0
Fiber Diametert Rmge(mlcrons)—— 0 0 M«m 0
Atpect Ratio! Rmge———-———— 0 0 Mem 0E,

6
A.2 Total number of bundles-

Mi** (ng)—————

A.3 Totil number of clu*ter»——— 0—————————— 0
Mis* (ng)————————— 0—————————— 0

A.4 Totil number of mitrlx/debrl*-- 0————————— 0
Miss (ng)————————— • ;, 0————————— 0

B.I Totil number of asbestos structures——' 1————————— 5200
B.2 Chrvsotile——•———————— j................... 5300
8.3 Amphibole———————————— 0————————— 0

Crocidoi'te—
Tremolite——
Amosite———
flnthophxlli'e-
MtlnoMe—-

C.I Total mass of aibe*tos mil'ied; 'ng1— ,0000041-————————— ,0212

D.I Total number of structure*———•——— '.————————— 5200

E.i Not identified »tructure*———————— 0————————— 0

F.I Comment*)__MODERATE DEBRIS _________________________

B-2<\5



TEM ASBESTOS flJR REPORT *""

CLIENT) EPA SAMPLE DESCRIPTIOM) S«5 3482C -2«
EMS LABORATORY NO. 11174 RECEIVED)DEC.17,1983 ANALYSED)DEC.30, 1988
FILTER TYPE) PCF AREA OF FILTER IN mm'2) 385
VOLUME OF AIR! <L) ARErt OF SAMPLE ANALYSES IN mm121 .074 r\..
METHOD OF ANALYSIS) EPA(«LL SUESV '-•

COUNTED IN TEM CALCULATED PER FILTER I

A, Asbestos Structure Description! I"
A.l Totil number of fibers———-— 0————————— 0 |

Mi*s (ng)—————-——- 0-——-—————— 0
A.I,I Chrxsotile Number*— 0—————————— 0 -»

Ma»s (ng.1——,-— 0—————————— 0 I
Chrxsotile See Qittn&ution "••••

Fiber Length) Rmge (micron;*——— 0 0 Mun C
Fiber Diameter) Rmge'imicrons)——'- 0 0 Mem 0 I'1'1
Aspect R»tloi Rmge———————— 0 0 Mem 0 |.

A.2,1 rtnphibole dumber—— 0—————————— 0
Mais (nij.i———— ' 0—————————— 0

wmphibole Sue Oiitribu'.lon
Fiber Length! Rmgt (microns)——— 0 0 Mem 0
Fiber Diameter! Rsngednicrons)—— 0 0 Mem 0
Aspect Ritioi Rmge———————— 0 0 Mem 0

A,2 Totil number of bundle?——— 0————————— 0 m,.
Miss (no;———————— 0——————-—— 0 f

A.3 Totil number of clusters——— 0—————————— 0
Miss (ng)———————— 0————————— 0

QI
A,4 Total number of ntitri./debr is— 0———————'—— 0

Mm (ng)————————— 0————————— 0 g-

8,1 Totil number of isbestos *tructures-—•

8.2 Chrxsotilf-———•———•—— 0-———-———— 0
8.3 nmphibole———————————— 0—————————— 0

Crocido1itt—
Trenol'te——
nmositi———
Anthoahxllite-
Actincllt*——

C.I Total m«i> of isbestoi mtl.ied! <r.-j.'— 0-————————— 0

D.l Toti! number of structures——————— 0—————————— 0

E.I Not identified structure?-——••-——- 0——————.—— 0

F.I Comment*)__VERY LIGHT DEBRIi _____————————————————————

E.
[

B-246
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TEM ASBESTOS AIR REPORT

CLIENT) EPA SAMPLE DESCRIPTION) SAS 3482C ... -27 '
EMS LABORATORY NO. IH7o RECElVEDlDEC.17,1988 ANALYSEDiDtC.30, 1988
FILTER TYPE! PCF AREA OF FILTER IN mm'2) 385
VOLUME OF AIR) (L) AREA OF SAMPLE ANALYSED IN mm'2i .074
METHOD OF ANALYSIS! EPAWLL SUES)

COUNTED IN TEM CALCULATED PER FILTER

A. Asbestos Structure Description;
A.I Totil number of fibers————— 0————————— 0

Miss <ng>—————————- 0—————————— 0
A. 1.1 Chrxsotile Number—- 0———————— 0

Miss (ng)—•—— 0————————.— d
Chrxiotil* Si"e Distribution

Fiber Length) Rmge (microns)——— 0 0 Mem 0
Fiber Diameter) Range(microns>—— 0 0 Mean 0
Aspect Ratioi Rmge———————— 0 0 Mean 0

A.J.I Amphibole Number—— 0—————.....— o
Miss (ng)———— 0————————— 0

Amphibolt Size Distribution
Fiber Length) Range (micron*)——— 0 0 Mean 0
Fiber Diameter) Range<micron.'i—— 0 0 Mean 0
Aspect'Ratioi Range——-————— .0 0 Mean 0

A.2 Total number of bundle*——— 0————————— 0
Mass (ngi————————— C————————— 0

A, 3 Total number of clusters ——— Q.
Miss .(ng) ————————— 0

A.4 Totil number of matrix/defer i 5-- 0 ——— — ———— 0
Mass (ng) ————————— 0— ———— - —— -' 0

8,1 Total number of asbestos structures——

8,2 Chrxsotile——————————— 0————————— 0
B.3 Amphibole———————————— 0———————— 0

Croc idolite—
Tremol Ite—-
Amosite———
Anthophxllite-
Actinolite—-

C.I Totil milt of isbesto* mai.Hdi '09'— 0—•———————— 0

0.1 Total number of structure?——————— 0——————»—— 0

E.I Not identified structures——-———— 0————————— 0

F.I Comment!!__VERY LIGHT DEBRIS ___________________________

B-247
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TEM ASBESTOS AIR REPORT

, CLIENT) EPA SAMPLE DESCRIPTION) SAS 3482C-28 ""
318 LABORATORY NO. 11176 RECEIVED)DEC 17,1987 ANALYSED!DEC 30,1987 p,

hlLTER TYPE! PCF , AREA OF FILTER IN mm'2i 385 ,
VOLUME OF AIRl (L) AREA OF SAMPLE ANALYSED IN mm'2! .074 |
1ETHOD OF ANALYSISlEPA-ALL SIZES

COUNTED IN TEM CALCULATED PER I'I I.TER p

-;. Atbtstos Structure Description!
A.I Total number of fibers————— I————————— H0u

Mist (ng)-——————- .0000046—————— .0239 T
A.I. 1 ChrxtotHi Number— !——-———— 5200 I,

Mis* (ng)———— .0000046-———————— .0239
Chrxsotilt Sl:i Distribution i

Fiber Length! Rmge (microns)——— .9 .9 Mem .» I.
Fiber Diameter! Rmge(microns)—— .05 .05 Mean .05
Atpect Rat is: Ringe————————• V8 18 Mean 18

A.2,1 Amphibole Number—— 0————————— 0 &
Mi»s (ng)———— 0——————-——— 0

Amphibole Size Distribution p.,
Fiber Length! Rmge (microns)——— , 0 0 Mtm 0 U
Fiber Diameter! Rmge(microns)—— • 0 0 Mem 0 «-•
Atptct Rttiot Rmge———————— 0 0 Mem 0

A.2 Totil number of bundlet——— 0————————— 0 |i
Mitt (ng)———————— 0————————— 0

A.3 Totil number of clusters———• 0———-———— 0 ("T|!
Miss (ng)————————— 0———-———— 0 y—'"fr

A.4 Totil numbtr of matrlx/dibris— 0————————— 0 Cjjjj
Miss (ng)————————-- 0————-——— 0 15!

8,1 Total numbir of isbistos structuris—— !—————————— 5200 ».•

B.2 Chrxwtile—————————- |-——————... 5200 '
8.3 Amphlbole————•—————•• 0——-.—————. o

Crocidolite———————— ————————— I,,.
Tremol i te——-———-—— ——-—--——-
flmosltt—————————— ——-—————— p"
Anthophx'iite—-———--. ——-—————— I
Actinotite-——'•—•--—— ——————-——

C,I Totil mits of asbestos inil.-sedi T,.).— .0000044———.—..—... .0239 I

0,1 Totil number of itructuns--'————— I—————————— 5200

E.I Not idmtlfitd itructurts——————- C————....—— g

F.I Coimintsi LIGHT DEBRIS ______________________________

B-248
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TEM ASBESTOS AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTION! SAS 3482C-29
EMS LABORATORY NO. II176 RECE WED l DEC. 17,19?7 ANALYSED l DEC. 30, 1987
'FILTER TYPE! PCF AREA OF FILTER IN mm'2) 365
VOLUME OF AIR! (L) AREA OF SAMPLE ANALYSED !M mm'21 .074
METHOD OF ANALYSIS! EPA-ALL SUES

COUNTED IN TEM CALCULATED PER

A, Asbtttos Structure Description;
A.I Totil number of fibers———— o—————— 10400

Miss (ng)——————— .0000107———————— .055?
A.I.I Chrxsotlll Numbtr—— 2—————-•——- l"̂ 0

Miss (ng)———— .0000107—————————— .0557
Chrxiotile Si.e Distribution

Fiber Length) Rmge (microns*——— .6 1,5 Mem 1.05
Fiber Diimeteri Rmge<microns'>—— .05 .05 Mem .05
Aspect Ritloi Rmge——-—————— 12 30 Mean 21

A.2.1 Amphlbole Numbe.1-— 0-————————— 0
Mass (ng)———— 0————————— 0

Ampiucole Sue Distribution
Fiber Length! Rmge Mnicrons^—— 0 0 'Mean 0
Fibir Diameter) Rmge(micron«,'—— 0 0 Mtm 0
Aspect Ritioi Rmge——-———— 0 0 Mem 0

A.2 Total number of bundles——— 1———-————— 520')
Mass (no)-———————• .0000072———————— .0372

A.3 Total numbtr of cl'iiters——— 0—————————— 0
•Mass (ng)————————— 0——————— 0

A.4 Total number of mitrIrf/debris-- 0—————————— 0
Miss (ng)———————-- 0———•———— 0

8.1 Totil number of itbestos *tructure»—— 3————————— 15600

D.2 Chrxwttlt——————————— 3————————•- 15600
8.3 Amphibole—————————-—— fl--——•———— 0

Croc idol ite
Tremollte

rtnthophxllil*-
wctinolite ——

C.I Totil mill c* ubestos unit/sen ••,,},— .COW17*——————....... ,093»

0,1 Total number o< structures-————•-•- 3————————— ISoOO

E.I Not identified »tructures——————•— 0—————————— 0

F.I Commintss___LIGHT DEBRIS •_________________________•

J (\R30i200

B-249
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•M TEM ASBESTOS AIR REPORT

'CLIENT) EPA SAMPLE DESCRIPTION! S*iS 3482C-3010»f) L
EMS LABORATORY NO, 11176 RECEIVED! riiwLr.E&i •"-''
FILTER TYPEtMILLIPORE AREA OF FILTEP IN mnrj! :JS! ^
VOLUME OF AIR) 1000 (L) AREA OF SfllPLE WLtSED IN mm'2) , .0% i, *'-
METHOD OF ANALYSIS) ' I

COUNTED IN TE.1' '>L".*.'LnTEt PER FILTER

A. Aitaistos Stru.turt Description! |~
A.I Totil number 'of fibers————— 9——-—————— 4o800 |

Mm (no;—————————— ,0000433"——•—————- .329
A.I.I Chrxsotile Number—— 9————————— 46800

Miss (ng)— --— .0000453——-———— .32? I
Chrxiotile Si:e Distribution L..

Fibtr Ltngthi Ring* (micron.*——•• .4 3,25 Mtan 1.38
Fibir Diameters Ringe-mlcrons*—— ,05 .0! Mi in .05 *
Aipict Ratio) Range————-•••••• 12 45 Mean 27.4 I

A.2.1 Amphibole Number—— 0—-———•—- 0
Mm (ng>—••—— 0—————•——— 0 IF?

Anphibole Si.e Distribution t|
Fibir Ltngthi Range (microns)——• 0 0 • Mian 0 • *™
Fibir Dlantttri Rangt<microns)—— 0 0 Mean 0
Aspict Ratioi Range—-—————— 0 C lean 0 I?

A.2 Total numbir of bundle*——— 4—————•——— 31200
Miss (ng/---——————— .0000849—————•——— .4.52 _

If
A.3 Totil numbtr of clusters——— 0—•—————— o li ^

Ma»s (ng)———————••• 0———————— 0
A.4 Total number of m»tri«.'debns-- o—.————— 0

Ml** (ng;————————• 0—•—————"— 0

8.1 Total numbir of i*btltoi structure*——- 15—————————— 7BOOO

B.2 Chrxiotilt——•————————— 15—————————— 730u?
B.3 Anphlbole—————————-—— 0—————————— 0

Crocidolite—
Tremolite——
Amoiltt———
AnthophxUitt-
Actinolite—

r
I

C.I Total mi*> of tibiito* »nalx»tcii ̂ .91— ,00015————————— .731 ...,

D.I Total numbir of structurt*——————— 17————•———— 88400 I I

E.I Not Identified structures—————•—— i————————— 10400 i
F.I Commtnt*)____________________________________________ '

AR30I20
B-250



TEM ASBESTOS AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTION! ^3 3432C-3Q
EMS LABORATORY NO. 11174 RECEI'-'EDiOEC ::,|9B7 rtW-.LrSEDiC'EC 30,1987
FILTER TYPE) PCF AREA OF F1LTE9 IN im :> . 335
VOLUME OF AIRi <L) AREn OF SAMPLE -UALvSE.'1 111 cmv2i ,0?3
METHOD OF ANALYSISlEPA-i-LL 3I2E3 E,,TCDCOUHTE!' 111 TEM CALCULATED PER FILTER

A. Asbe*to* Structure Descrlpt.oni
A.I Total number of fiber i———— 43——-.——..-- 124000

Mi** tn}>—————————— ,000218—••••——————' !'«3
A.I.I fihr/iojili Number—— 43————————" 224000

(Us-, mgi————— .MO.?!!?-—•—•——-•——• 1.13
Chr .•K'l-'e 't̂ e O i l t r .But or,

Fiber Length) Rtnge 'uicrens1---— •'• 2."1? "*>n .'8
Fiber Oiimtttri fi*n^e<it,i,:ronji—— .05 ,07* "*in .0505

Ritloi Ring*-———————— ,3 5? »e»n 19.5

(b

A.2.1 Wiphibole Number—— i)........————— o
,'1*11 ''nqi—••—— '? —— •—————— I)

ffitti so'e Si:» J,H,"5otion
Fiber Length! Rmgt (microns)——— • 0 0 flt»n 0
Fiber Dimeters Rir.fiimicrons •-— 0 0 Mem 0
Aipect Ratio) Rmge——————- '! C Mem • 0

A.2 Tou! number of bundles——— ?--———————— 4UOO
11*** (ng)————————— .CROC'S——————»——- ,51

A.3 Tot»l number of cluiteri——— » 0———.—•——— 0
Mass (ng)——•—————— '!—————————— 3

A.4 Total number o< nutrix.'deorij-- 0—————•—— 0
Mas* (ng)——————-—— P—————————— 0

B.I Total number of tsbestot itructures—— 51————————— 24500C "

B.2 Chrxsotile-——————————- ' 51--———-———- 245000
8.3 ftnphlbole————-—————-- 0--——-—-—— 0

Croc'idol! te
"rental He-

Anthoohrlli te-

C.I Total mats o« i*be*tos mal-'ieci 'ng1— ,90?31«————————— 1.44

D,l Total number o« strgcturts——————— 51—————————— 2«5000

E,l Not Identified structures--""-"-———— 0—————————— 0

F.I Comment*)__L10H7 DEBRIS ___________________________

,Q
AR301202

B-251
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CrocidolIti—
Tremol ite——
Anosite———
AnthcpnxlUte-
Actinolite——

B-252

C.! Totil mass of aibestos milxied) -n.j. — .0000384 ————————— ,' .201

D.I Total number of structures ——————— 5 ————————— - 24000
i

E.I Not idintifltd itructurt* ———————— 0 ————————— fl

F.I Commints) __ LIOHT DEBRIS,

11
r("W. TEM ASBESTOS' AIR REPORT

CLIENT! EPA SAMPLE DESCRIPTIONS SAS 34520-31
EMS LABORATORY NO, 11174 RECEIVED)DEC 17,1987 AHrtLYSEPtDEC 30,1987 f~V
FILTER TYPE: PCF APEA OF FILTER IN mm-S't ?<.'!> '-j
VOLUME OF AIR l (L) AREA OF SAMPLE rtWL.'SED IN mm'21 ,074 «
METHOD OF ANALYSISiEPA-ALL SIZES

COUNTED IN TEM WLCULrt'sO PER FMTFR |~

A. Asbestos Structure Description*
A, I Total number of fibers— — — - 4————.——— 20300 -..

Mass (09) ——— • — • ——— ,OOOC15S- ———————— .0322 ' I
A, 1,1 Chrysotile Number—— 4 ———— - ———— 20800 ""•

Mass tngi—— — •- .CM01SS ————————— .0322
Chrvsoti'e Sue Distribution I

Fiber Length! Range (microns:' ——— .5 I,; fwm .775 l
Fibir Diamtttr! Rmgn'mnrons) —— .0? ,05 ^tan .05
Aspect Ratio) Rmge — — - — - —— - 10 24 .Mem 15.5 p

A. 2.1 Amphlbole N.mber —— 0 — - ———— - —— 0 «*'
Miss (ng) ———— 0 —————————— 0

Amphibolt Size Distribution f~
. Fiber Length) Rmge (microns) ——— 0 0 Mtm 0 L.

Fiber Diametir; Rmge(microns> —— 0 0 Mem 0
Aipect Ratio) Rmge^ ———————— 0 . 0 "em 0

A. 2 Totil number of bundles ——— l— ———————— 5200
Mitt (ng) ———————— • .0000223- —— r- ————— .119

A, 3 Totil nunbtr of dusters ——— 0 ————————— 0
Mil* (ng) ————————— 0 —————————— 0

A, 4 Totil number of m»tri /.'debris-- 0 ————————— " 0
Mil* (ng) ————————— . 0 —————————— 0

B.I Totil number of isbeitot itructure*- — - 5 — - ————— • — 24000

B.2 Chrx»otile ———————— - —— 5—— —— — — - — 24000
B.3 Amphlbole ——————————— - 0— ———————— 0

AR30I203O

AL. I I \ '• I/-'1'. ivV ,-T''' '•', -I
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P

O

W TEM ASBESTOS AIR REPORT

CLIENT) EPA SAMPLE DESCRIPTION! SAS 3482C-31
EMS LABORATORY NO. 11174 RECEIVED) WHALYSEDi
FILTER TYPElMILLIPORE ARErt OF FILTER IN nm'2i 385
VOLUME OF AIR) 1000 (L) rtREfl OF SAMPLE rVWLYSED IN mm'2) .074
METHOD OF ANALYSIS)

COUNTED IN TEM WLCULftTEO PER FILTER

A. Atbettot Structure Description)
A.I Total number of fiberi——•—— 10———————•— 52000

MJSS (ng>————————— .0000391-——--————— -203
A.I.I Chrviotlle Number—— 10————————— 52000

Mist (ng)————— .0000391-————————— .203
Chrstotile Si:e Distribution

Fiber Length) Rmge (microns)——— .5 1.35 Mem .745
Fibtr Dlamttiri Range(mkroni>—— .05 .05 Mem .05
Aspect Ratios Range———————— 10 27 Mean 15.3

A.2.1 flmphibole Number— 0—————————' 0
Ma»»(ng)———— 0————————— 0

Amphibolt 3i:e Distribution
Fiber Length) Range (microns)——— 0 0 Mean 0
Fiber Dlanetirt Range<micronsi—-- 0 0 Mean 0
Aipict Ratio) Rmgt———————— 0 0 Mtan 0

A.2 Total numbtr of bunJIti——— 0-
M»i» (n9<———————•'••" 0-

A.3 Total numbtr of cluster*——— 0 — ••—-———• 0
Mil* <nji————————— <!————————— 0

A.4 Total numbtr o* matrix/Jtbru-- 0———«-.———— 0
Miss <nq;————————— C——————•——- 0

8,1 Totil numbir of ubtstos structure*—— 1C'————————— 52000

8.2 Chrxiotlle——————....... 10——————— 52000
B.3 Amphlbole————————-—- 0—-————-—- 0

.Crocldoli te
Tremolite —
Anthophxllite-
Hctinolite——

C.l Total mm of ubeitos inilxsedi in(i--- ,»00i)3?l————————— .203

D.I Totil number of itructures ——————• 10————————— 52000

E.I Not identified structurti"———•—— 0————•——— 0

F.I Co"«ent»!__________________ ___________________

B-253

•1ith*'Mgt,fil*td in thit frame it not at . . . . ^ . .
label, 4.t 4.t due to tubttandand colon on condition oi the oniginal page.



A.4 Total numbir of matrin/dtbrt*— 0———•————— 0
Man (ng)———————— 0————————— 0

B.I Total nunbir of itbtstos structurts——
Bt2 ChtX-Ot t |t™-"™"™™»t-I-»»--t*™-"™""-'1™1"™ ' Qmmm~mm~mfmmmm~»m*m Q

B.3 Anphibolt — • ————— • ——— 0 ——— - ————— 0

Crocidolite
Anosite
Anthophxlllte
Aetinolite — -

B-254

( }..

•

" TEM'ASBESTOS AIR REPORT

CLIENT) U.S.E.P.A SAMPLE DESCRIPTION) EMS-BLANK
EMS LABORATORY NO. 11174 RECEIVED)DEC.17,1987 MiALYSEDiDEC.30,l9B7
FILTER TYPE) MILLIPORE AREA OF FILTER IN mn'2) 385
VOLUME OF AIR) (L) AREA OF SAMPLE ANALYSED IN IM'2) .148
METHOD OF ANALYSIS) EPA

All lilts COUNTED IN TEM CALCULATED PER FILTER

A, Asbistos Structuri Discriptloni I
A.I Total numbir of fibers————— 0————————— 1

Mass (ng)———•———— 0————-——— fl
A.I.I .Chrxsotile Number—— 0——•—————— 0 f"

Mass (ng)———— 0————————— 0 I
Chrxtotilt Size Distribution

Fibir Ltngthi Rangi (microns)——— 0 0 Mem 0
Fiber Dianitiri Rmgt(nlcroni)—— 0 0 Mtm 0 I
Aspect Ritioi Rangi———————— 0 0 Mian 0 I

A,2.1 Anphibolt' Nunber—— 0————•————- 0 —. i
Mils (ng)———— 0————————— 0 r

Anphibolt Slu Dittribution I:. I
Flbtr Lingthi Rangt (micron*)——— ' 0 0 Me in 0
Ftbir Olamiteri RangKnlcron*)—— 0 0 Mi*n 0 p
Aipect Rattoi Range———————— 0 0 Mem fl I

A.2 Totil nunbir of bundlts——— 0————————— 0
Miss (ng)———i——— Q.............——. g •,;

llA.3 Totil nunbir of clu»tir»——— 0————————— 0 '

C.I Totil mis* of aibestos analxtedi (ng) — Q.......... —— .... g r

D.l Totil nunbir of ttructurit- — —— ——— 0 ——— •• ————— 0
E.I Not Identified itructure* ———————— 0 —————————— 0

F.I Connentsi __ LIGHT DEBRIS ______________________________

tt at neadabl.t_on legible at tkJ'̂ ^̂ :̂
on condition oi tĥ on̂ 1̂̂ '̂
^______' I, . ••. '. •



p
RESULTS OF PERSONNEL AIR SAMPLING
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1207E
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ASBESTOS DATA HEN*

EplMuU-Muibtr

Uboritorjr EMS No

fS IndutttUl Cttifory

Slti/itrtM *•*-.«""-

Slmplt llMI _JUA

' /
2631-C CM Siiplt ( x ) Huabir .2631f;-2pO-07

. 9733.2 ilmk ( ) Mabtr

, ; Stindud ( ) Nuibtr
223 AAP-SH-SI-007 othir ( ) Nuibir

__ ._ Aihid, ____ y.t ___ no .

QA Mtrtqf-! Informitlont (link NuBbe. 9713.2 Std. Niabtr 9660--3.

RESULTS

| Atbtitoi Flberi (1)

diryiotllB (S)

Am-phlboU

Total

SIZE D1STRIIUTIOH

fi." NrtlcU Count
i,

Chryiotllt (1)

. Chryiotll* (1)

' AaphlboU

•[,
i Crytocllt (1)

Aaphlboli

COKHEHTSl

• •'
Aibeitoi Detected. . ''.... Petectlon

Flberi ConceACrjtton Llnit
(count) (2) (Hf/L) (3) (ug/L) (4).. (W/L) (3J

17 199 8.6 12
•'

17 199 8.6 12

•irticU Lengtli (•Icroni)
<0.5 0.5-1,0 1.0-1.5 1.5-2.0 2.0-2.5 >2.5

2 7 1 0 1 _6 __

firtlcli Width (•le'roni)

<O.Q5 .05-. 10 .10-. 15 .15-. 20 .20-. 25 >0.2S

Aipect Ratio (length/uldth)

3-IQ 10-20 20-30 30-<0 <0-50 >50

Moderate debrlf

I
Hat«i)(i) Horphaloir - partlclti with pifillil ildii ,ind' • Unglh/wldth fttittr thin thr«t.

(J) Humbtr of (Ibtri eaunti4 - «uit ifrtt vlth ftbir dlntrlbuclon .cauaĉ biLo-v n
(3) Million (Ibin ptr Ht.r ' flrijUi-IU

. (4) Hlcrotrimi ptr lltt'r
W (5) CUctron dlftnctlan pittirn - trlplt itt of doublt ipoti or S.3A Uyir.

B_257 17 Ibv 8) Mvi bitle

• H tht pagt filmed in thit frame it not at ntadabtt..on ttgiblt.at tkU~>'.̂
label, it it due to tubttandand colon on condition oi the onig4.nat page.



(,)..Hu.btr 2».31C-200-08

U bore tor r jfg po. 9733.2 ' Uink ( ) Huabir

Induitrlel Cititory .. . Stinlird ( ) Nwber

Slte/etree«A«bler-223 AAP-SH-LG-008 Other ( ) Hwbir

Staple etui 0.2 ml Aahedl yet no . x

QA Reference Infor-itloni

RESULTS

Aibntoi Fiberi (1)

Chryiotile (5)

Amphlbole

Totel

SUE DISTRIBUTION

fert.de Count <(T5

Chryiotile (1) _ u_

Aaphibole ___

<0.05

Chryiotile (1) __ __

Aaphlbole

3-10

Cryeottle (1) 24

taphlbole __ _ _

llenk Nwbtr "33.2 std. Nwber 9660

Aibeitoi Detected. . • • ... •' Detection
Fiberi • ConceAtcetlon Limit
(count) (2) • WII) (3) Ug/D (4L (IU/L) (JJ

116 1.0 x 10* 641 90
• •'

116 1.0 x 10* 641 90

Fi'rtlcle Length (alcrone)
0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5

40 22 9 9

•article Width (ilcroni)

.05-.IO .10-.15 .15-. 20 .20-. 25
9 1 - 1 4 2 0

Aepect Retlo (length/uldth)

10-20 20-30 30-40 40-50

38 14 12 7

E
... ... '~v.... ( ,i
,.......f. « •[

E
I

......... f
>2.5 I

25 *

AU
>0.25 I
2

—— f
— • ——

>50

» f

COrMENTSi tighf, to aoderete debrle
• '

Hoceei(t) Harpholoiy - pertlcUt with ptratlel eldet ind • length/width grteter then thru.
(2) Hwber of ftbert eoimtid - met «|t«i with fiber dlitrlbution count belou. !
(J) Hllllen flbert per liter
(4) HlcroirtM per liter
(5) Electron dlffrBCtlon pettirn - triple eet of double ̂<JjJ< ̂ .BAiliyer. O

' ... U Itov 83 Revi betlcB-258
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r
......,.« M,,l, .».,«.«• ' /

Epleode-Huaber 2631-C________ El'A Sliplt (x ) NtMber 2631C-200-09

Uboritory EMS Ho. 9733.2______ Mink ( ) Unfair _______________

Induitrlil Category ____, : __ Stendird ( ) Hiwbir ___________

Slte/itree- Anblet-223 AAf-SW-LC-009 Othir ( ) Nuibit_____________

Staple Heel 0|1 •*• Aihedi _____ yie ____ no J|__

qA Reference InforMtlonl Blink Hwber 9733'2____ Std. Hu.ber 9660-3

RESULTS
Aibeitoi Detected, . • • ..... Detection

flbert ConcerttCBtlon " Llilt
Aibeitoi Flbert (I) (count) (2)" WII) (3) fiig/t) ('iL OH/..) (3)

Qiryiotlle (5) 110 2.0 x 10* 186 178

Aaphlbole _______ _______ _______ ____

Total 1W 2.0 x 10* 186 '178

SUE DISTRIBUTION
____Particle length (•Icroni)

fertlcle Count <0.5 0.5-1.0 TTO-1.5 1.5-2.0 2.0-2.5 >2.5

Chrytoclle (I) 10 <1 M 1. •> 1°

Amphlbole ____ _____ _____ _____ ____ ____

_____fertlcle Vldth (•Icront)________________________

<0.05 .05-. 10 .10-. 15 .15-. 20 .20-.25 >0.25

Chryiotile (I) 4 102 4 0 0.0

JUphlboli

_____Aipect Retlo (lingth/uldth)

_ 3-10 10-20 20-30 30-W 40-50 >50

Cryeotlle (I)

Aaphlbole

COtlHEHTSl _____Ll«ht to node-ate dabrie

Noteel(i) Horpholoiy - pirtlclee with perellel eldee end' e lin|th/uldth greeter then thru |
(2) NuBiber of flbere counted - Met egree with fiber dlitrlbutlon count below,
(3) Million flberi ptr liter '' ' n D 0 D I 0 I 9
(4) Hlcroirue per lltir H K «3 U I -. I C.
(5) EUctran dlffrectlon pettern - triple let of double ipoti or 5.3A layer.

17 Hov 83 Mv i beelc |
B-259
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Mll.c_______ EFA Staple („ ) Nuaber 2fiiti!-?oo-iB

Leboritorv EMS No. 973

Induttrlel Cetitory _ _

Sltt/itnea Aabler-223 /

Staple tliel °-2 a

OA Reference Inforaetlon)

RESULTS

.
Aibittot Fiberi (1)

Chryiotlle (5)

Aaphlbole

Totel

SUE DISTRIBUTION

Fertlcle Count <0.i

Chryiotile (1) 5

AaphlboU

<0.05

Chryeotlle (1) __ __

Aaphlbole

3-10

Cryeottle (1) 17

Aaphlbole

COMMENTS I ll«ht

i.2 Itink ( ) Hwber

. , ; Stenderd ( ) Huaber /•

lAP-SH-LC-010 Othtr ( ) Nuibtr

L Aihidl yet no *

llmk Nwber 9»3'2 Std. Huaber 9660-3

Aibeitoi Detected.. . - • ... '' Detection
Flbert Concertfr.it. on Llait
(count) (2) WII) (3) Ug/L) (4). WII) (3)

107 1.6 'x 10* 1,4 x 103 148

107 1.6x10* 1.4 xlO3 148

Certlcle Length (alcrone)
0.5-1.0 1.0-1.5 1.5-2.0 • 2.0-2.5 >2.5

35 13 11 8 35

.

Fertlcle Nldth (alcront)

.05-. 10 .10-. IS .15-. 20 .20-. 25 >0.25

88 11 2 0 3

Aipect Retlo (length/width)

10-20 20-30 30-40 40-50 >50

37 14 8 8 23

debrle
•

4V.
1
-r

f.
i
i

-i
i
d̂~s
I
1

-1
- I

Noteei(i) Morphology - pertlclee with perellel tldee end'e Ungth/wldth ireeter then three,
(2) Nuaber ef f Ibere counted - nuet tire* with fiber dlitrlbutlonnemu«t)b.ei><r>O !
(3) Million flbere per liter AnJUl-TIO ,
(4) HlcrogCMi per lltir
(5) Electron dlffrectlon pettern • triple tet of double epote or 5.3A leyer.

: ... 17 Hav 83 Rivl beelcB-.oU
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i

ASBESTOS DATA REPORT y
rpliiJi llmbir itn-c_______ M* Siaplt (_ ) Huabtr 2631C-200-12

Uboretory EHS Mo. 9733.2______ Mink ( ) Hnber _______________

A Induitrlel Ceteiory ____ . _ ; fitindird ( ) Huabir

Slte/etreeei Aabler-223 AAP-SH-TB-Q12 Othir ( ) Huabir

"Staple tlitl ^00 »L Athedi _____ yet ,

0> Reference Inforaitloni Blink Hutbtr 9733'2 Std. Huaber 9733'2

RESULTS
. Aibeitoi Detected,. . • ' ... _ Detection

Fiberi Concen'tr.etlon Llalt
Atbettot ribert (I) (count) (Z) j WII) (3) T!g7L) (Û  0-/L) (3J|

Chryiotile (5)

Aaphlbole

3 0.09 7.2x10"* 0.03

3 0.09 7.2 x 10"'' 0.03Totel _______ _______ _______ _____

SUE DISTRIBUTION
____Fectlcle Length (alcront)

fertlcle Count

Chryiotile (I)

Aaphlbole

____ Fertlcle Width (alcrone)

<0.05 .05-. 10 .10-. 15 ' .15-. 20 .20-. 25 >0.25
° ' 3 0 0 0 " 0Chryeotll. (I)

Aaphlbole

_____ Aipect Retlo (length/width)

Cryeotlle (I)

Aaphlbole

3-10 10-20 20-30 30-40 40-50 >50
1 1 1 0 0 ' 0

COMtEHTSl <'1««>

Not«el(i) Morpholoiy - pertlclee with pirellel tldei end'e lin|th/uldth greeter then threi
(2) lhaber of flbert counted - auet igree with fiber dletrlbutlon count below.
<3) Hllllon flbere per liter f l P O n i o . i

, (4) Hlcro.r.M per liter Hn30l2|.>
\J (5) Eleciiron dlffrectlon pettern - triple eet of double ipott'or S.3A leyer.

B_261 I' Hav 83 My I beilc
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ASBESTOS DATA REfOR.

rpi,eodi.HiiBbir

Uboritory EMS Ho^

Induitrlel Cittfory

Slte/etreea Anbler

Staple tttei 50

qA Reference Infore.

RESULTS
,

Aebettot Flbiri (1)

Chryiotile (5)

Aaphlbole

Total

SIZE DISTRIBUTION

fertlcle Count

Chryeotlle (1)

Aaphlbole

Chryeotlle (1)

Aaphlbole

Cryeotlle (1)

Aaphlbole

COHHENTSl

t

.",-• . . . .y)
2.31-C. EFA Eiapli ( > ) Huaber 263ic-200.il

9733.2 llenk < ) Huibec

, ; Standerd ( ) Huaber (

223 AAF-SH-FB-011 Othir ( ) Hwbtr

ml Athedl yel no *

itlonl Btenk H«btr 9»3'2 Std. Huaber 9660"3

,
Aibeitoi Detected.. . ' > ...' Detection

Fiberi Concfrtttetlon Llalt
(count) (2) WID (3) (ul/D (4). WII) (3JI

126 31 0.6 0.25

126 . 31 0.6 0,25 1

Fertlcle Length (alcrone)
<0.5 O.S-rl.O 1.0-1.5 1.5-2.0 .2.0-2.5 >2.5

10 78 17 13 2 6

Fertlcle Width (alcrone)

<0.05 .05-. 10 .10-. 15 .15-. 20 .20-. 25 >Q,25

1 4 1 0 3 7 1 0 . 1

Aipect Retlo (length/width)

3-10 10-20 20-30 30-40 40-50 >50

1 9 6 7 2 0 1 1 2 7

Light to aoderete debrle
>

r
I(V).

\..

r
..
fI*.i
[
r
r;*
f~
Lw.

F;
[•
['
i

Noteei(i) Harpholofy - pertlclee with perellel eldet end'e Itngth/wldth greeter then threj
(2) Nimiber of (Ibere counted - auet igr«« with fiber dletrlbutlon count below. ,
(3) Hill Ion f Ibere per liter ' ' fit) TO I 9 I C
(4) Hlcroireae per liter H n O U I _ l 3 (J
(5) electron dlffrectlon pittorn - triple let of double epoti or S.3A leyer. ,

B"262 , 17 Hoy 83 My I beelc
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ASBESTOS DATA'REFORT '
Ipltode Huaber Z____. ________ . EfA Seaplt ( „) Hueiber 2631C-200-01

Leboretory EHS Ho. 9733.4 _______ Hunk ( ) Nwber „ —————————

Induttrlel Category ____• _ .' ___ Suiiderd ( ) Huaber ________

gUB/.treea***!*"̂ 223 AAP-5H-5T-001 OthlC ( ) Hunbir _________-..-.

Staple eliel 0.5___aL Aided l _____ yet ____ no _X___

QA Refertnce Inforaetlonl Blink Hwber 9733.2 std. Huaber 9733.2

RESULTS ,•
Atbtttoi Detected.. • • • ... _ Detection

Fiberi • Conccn'tr.etlon__ ' Llalt ,
A.beitoe Fiber. (I) (count) li) '• (HI/L) (3rT̂ 7LTT4T WII) (3)

• <s> 140 8.7 x 103 257 -62

Aaphlbole

Totel 140 8.7 X 10J 257 623

SUE DISTRIBUTION
____Fertlcle Length !alcrone)_______

.0-1.5I.5-2.CFertlcle Count < 0 .30.5-1.01.0-1.51.5-2.0270-27} >2.5

Chryeotlli'(l) __7_ 50 25 8 9 «

Aaphlbole ____ ' _____ _____ _____ ____

____Fertlcle Width (alc'ront)______________________

<0.05 .05-.10 .10-. 15 .15-.20 .20-. 25 >0.2S

Chryiotile (I) _____ 1» H 2 1 . 1

Aaphlbole

____Atpect Retlo (length/width)

_3-IO 10-20 0̂-3Q_ _30-40 40-50 >50

Crytotlle (I)

Aaphlbole

CCHHEHTSl ___Hoderete to heevy debrle

Hoteei(i) Horpholoiy - pertlclee with perellel tldee end'e length/width greeter then three
(2) Hwber of f Ibere counted - auit egree with fiber dlitrlbutlon count below.
(3) HI11Ion fIbere pir liter ' ' r
(4) Hlcrogreai per liter A R 3 0 I 2 i D
(5) Electron dlffrectlon pettern - triple let of double epoti or 5.3A leyer.

263 17 Hav 83 Revl betlc
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Kplfodt rHber 2631-C

L.l_«.*.rr -« *• 9733

In4uttrt*l Category

EFA Siapli (, ) Huabt

•* Blink ( ) Huaber

. ; Stendird ( ) Huabtr

iit./.tr.B-ABbler 223 AAF-SH-SI_002 Othir ( ) Ku.bir

Simple eliel 10 aL Alhedt yet

QA Reftrence Inforaitlonl

RESULTS

Aibntoi Fiberi (1)

Chryiotlla (5)

Aaphlbole

Total

SIZE DISTRIBUTION

•article Count <6.J

Chryiotile (1) 0

Aaphlbole __ __

<0.05

Chryeotlle (1) __ 1_

Aaphlbole

3-10

Cryeotlle (1) __ __

Aaphlbole __ ._

COKHEHTSl Moderate debris

Blink N-.be r 9"3.2 Std.

Aibeitoi Detected.. • ' ' .-.''
Flbert Concert t tat Ion
(count) (i)' (W/L) (3 (ug/t,) (4L

83 52 1.6

83 52 1.6

Fertlcle Length (alcront)
0.5-1.0 1.0-1.5 1.5-2.0

31 11 18

Fertlele Hldth (alcrone)

.05-. 10 .10-. 15 .15-. 20

67 10 3

Aiptct Ratio (length/width)

' 10-20 20-30 30-40
31 15 12

. aanv diatom

c 2631C-200-02 v [

——————— r
It1

——— 1:
no x

Hueber 9733.2 f

Detection [
Halt

WI-) (» .

0.6 *'

f*
0.6....... j

2.0-2.5 >2.5

5 18 1

— — d
g

.20-. 23 >0.23 f

i , i

40-50 >50 l
3 13 I

......................

t '

Koteei(i) Morphology - pertlclee with perellel eldee end e length/width greeter then three
!]) Hwber ef flbere counted - auet egree with fiber dlitrlbutlon count below. )
3) HI11Ion flbere per liter {
(4) Hlcrogreai per liter , flRSflI 2 I 7 r'
(5) Electron dlffrectlon pattern - triple eet of double epott or ).W hytlV ^J

B-264 I' Huv 83 Rev i beelc
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. ASBESTOS DATA REPORT

•tpliootHu-btr 2631"°

Laboratory EMS »»..

ff) Induetrlel Citegory __

Sltt/etrte* *"bler-223

Staple tltei 0,5

9733,2
,

AAP-SH-ST-013

•L Aehedi

EM Staple

Blink ( )

Stindird (

Othir ( )

qA Reference InforMtloni Blenk Nwber J?J__,2

RESULTS

Aebettoi Fiberi (1)

Chryiotile (5)

Aaphlbole

Totel

SUE DISTRIBUTION

(x) Huabic

Htabtr

) Nuaber

Htwbir

yel

Std.

Atbettoe Detected.. . • • ...
Fiberi
(count) (2) •

113

113

Fertlcle Length
' Fartlcle Count <0.5 0,5-1,0

Concentration
(Hf/L) (1) ,(,,j
4.5 it 103

4.5 x 103

(alcroni)
1.0-1.5 1

/L) (4).
72

72

.

.5-2.0

J
2631C-200-13

no T

Huabtr 0711.2

Detection
Llalt

WID (3ji
40

40

2.0-2.5 >2.5

Chryiotile (I) ____ 51 __24_

Aaphlbole

____Fartlcle Width (alcrone)

<0.05 .05-. 10 .10-. 15 .15-i 20 .20-. 25 >0.2S

Chryeotlle (I) _£__ 97 10 1 0 , 0

Aaphlbole

Cryaotlle (1)

Aaphlbole

COHHEHTSl

Aipect Retlo

3-10 10-20
15 51

Moderate debrle

(length/width)

20-30 30-40 40-50 >50

24 10 3 10

t '

Noteei(i) Morphology - pertlclee with parallel eldea end a lingth/wldth greater then Ihn
!2) Niabtr of flbere counted - auet agree with fiber dlatt.lk.ufUn, want below.
3) Million flbere par liter ' 'HRoU'tlB

(4) Hlcrogreae per liter
(S) Electron diffraction pattern - triple let of doubla ipoti or 5.3A leyer.

B-265 I* (by a) Ravi bet!
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ASBESTOS DATA MFORT ' ' y p
EFA Seapli (r, ) Hunbtt 2631C-200-Q3 "•

i.»,«r.fnrr EMS No. 9733.4 llmk ( ) Huabir

. ; Standard ( ) Huaber r
c
>

ftit./.traa. Anbler 223 AAP-SH-DR-003 other ( ) Huabir -

x..pl< aliel °-03 ml Alhedl , yee no X

qA Reference Inforaetlont

RESULTS

Aibittot Fiberi (1)

Chryeotlle (S)

Aaphlbole

Totel

SUE DISTRIBUTION

Fartlcle Count <O.J

Chryeotlle (1) _J _

Aaphlbole

<0.05

Chryeotlle (1) 0

Aaphlbole ____

3-10

Cryeotlle (1) 8

Aaphlbole ___

COHMENTSl Modereta to

Blink Nuib.r 9733lZ Blank 2 Std. Huaber 9733<2

Atbettot Ditected.T . < • ... •' Detection
riberi Concentration Llalt
(count) (2) • WII) d) (uR/D <•;). C-f/L) (3J

27 3.7 x 103 41 132

27 3,7 x 103 41 132

Fertlcle Length (alciont)
0,5-1.0 1,0-1.5 1.5-2.0 2.0-2.5 >2.5

16 4 2 1 _2 __

f
V.

Fertlcle Width (alcrone)

.05-. 10 .10-. IS .I5-.20 .20-. 25 >0.2S

25 2 1 0 , _0 __

Aepect Retlo (lingth/wldth)

10-20 20-30 30-40 40-50 >50

I S 2 2 0 1

heavy debria; enoraout die tome

r
r
r
i
i
S
1
t
['
L

Hoteet(i) Morphology - p.rtlclee with parellel eldee end'e length/width greeter then three
(2) Nuaber ot tlbere counted - auet agree with fiber dlatrlbutlon count below.
(3) Million flbere per liter
(4) Hlcrogreae per liter noon I o I n '""")
(5) Electron diffraction pattern - triple tet of double epote or sflftjiyJri. I J '^

B_266 " Hov '3 Revi beelc

.-, . .. -. - •••--- •• -•-— U-.-..T... -h.) not at ntadabtt on ttsiblt at tkJ* ;
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EFFLUENT ClUDEUIIES DIVISION
—AMESTOS DATA REFORT ' , /

• 2 6 3 * C E M Seaplt fe ) Huaber 2631e..2oQ-nB

Laboratory EMS Ho.

Induitrlel Catigoty

Saaple lliel i.1iii

qA 'Reference Inforai

RESULTS

.
Atbtttot Flbiri (1)

Chryiotile (5)

Aaphlbola

Total

SUE DISTRIBUTION

rartlcle Count

Chryeotlle (1)

Aaphlbola

Chryeotlle (1)

Aaphlbola

Cryeotlla (1)

Aaphlbola

COKHEHTSi

9733.4 Mink < i Hinber

. : Standard ( ) Huaber

23 AAP-SH-DR-004 Othir ( ) Huabir

•L Ailitdi ret no x .

itloni Blank Huabir 9733'2' Std. Huaber 9733-2

Aibeitoi Detected.. . • • ... Detection
Flbere Concentration Llalt
(count) {-) ' WII) (3j («g/L) (4̂  WII) (M

138 2.5 x 103 58 '18

138 2.5 x 103 58 18

Fartlcle Length (alcrona)
<0.5 0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5 >2.5

11 69 22 11 6 19
'

Particle Width (alcrone)

<0.05 .05-. 10 .10-. 15 .15-. JO .20-. 25 >0.25

8 1 1 1 1 2 3 1 . 3

Aepect Retlo (length/width)

3-10 10-20 20-30 30-40 40-50 >50

39 49 24 8 5 13

Light to Moderate debrle
* -

Koteei(l) Morphology - pertlclee with parallel eldm end'a length/width greeter then thru
(2) Huxber of flbere counted - «uit agree with fiber dletrihasrppj eoMiu Jiilow.
(3) Million flbere per liter ' Wr"^!Jl7_(j
(4) Hlcrogreae per liter
(S) Electron diffraction pattern - triple eet of double ipoti or 5.3A layer.

B"267 • 17 H»v S3 Revi beeli

Ii tht pagt filmtd in thi4 frame it not <u ntadablt,,o* ,,a.,t*
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EFFLUENT GUIDELINES DIVISION , ._.
-ASBESTOS DATA REPORT ' /li
.. . _ ... W31-C .„.._... ...» u. ... 2631C-200-05 .

Laboratory EMS

Ind.itrlel Category

Slte/etreea -*«-l«r

Saaple eltel in

OA Reference Inforai

RESULTS

.
Aibtttot Flbert (1)

Chryiotile (S)

Aaphlbola

Total

SUE DISTRIBUTION

fertlcle Count

Chryiotile (1)

Aaphlbola

Chryiotile (1)

Aaphlbole

Cryeotlle (1)

Aaphlbole

COKHEHTSl He

No. 9733.4 Blank ( ) Huabtr

. ; Stendard ( ) Huabir (

223 AAP-SH-DR-00/-3 Othir ( ) Huabir

aL Allied l yet no *

stlonl Blank Umber 9731.2 Std. Huaber 9733.2

Aibeitoi Detectid. . • • ... Detection
Fiberi Concirttritlon Llalt

jcount) (2) • WII) (3) (ug/L) (4C <"-/L) (U

114 450 49 4.0

114 450 49 . 4,0

Fertlcle Langth (alcroni)
<O.S 0.5-1.0 ..0-1.5 1. 5-2.0 2.0-2.5 >2.5

7 44 16 10 11 26

Fartlele Width (alcroni)

<0.05 .05-. 10 .10-. 15 .IS-.20 .20-. 25 >0.25

1 9 0 1 4 5 0 , 4

'

Aipect Ratio (length/width)

3-10 10-20 20-30 30-40 40-50 >50
).e 46 18 6 5 23

derate debrle
*

i
>1
f

,
f
FI.:
E
t•
f/•"'''
la

r
t.
[

Hotaei(i) Morphology - pertlclee with pereltel eldee end'e length/width greeter then thr|
(2) ttnber of flbere counted - auat egree with fiber dletrlbutlon count below, '
(3) Million flbere per liter ' nnnn I 00 I •'""'
(4) Hlcrogreae per liter HKOU I __ I ^
(5) Electron diffraction pattern - triple let of double tpoti or 5.3A leyei. t

B-268 17 Hoy 83 Revi beei
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rj,
O Induitrlal Category ____. _ .' • i fitindird ( ) Huabir

SUe/etrea- Aabler-223 AAP-SH-DR-OQ6 Othir ( ) Huibtr __

.ASBESTOS DATA REFORT ' '
VEplitdt Huabir 2631-c . EPA Staple („ ) Huabir 263ic-2M-ot

Ubotetory ms Ho. 9733.4______ Mtnk ( ) Huibtr(______________,

Scaple ali« I 10 aL Allied I. _____ yea ____ no _X__

QA Reference Inforaetlonl Blink Huaber 973J.2 Std. Huabir 9733.2

RESULTS
Atbeetot Detected.. • • • ... _ Detection

Fiberi ConcertUatlon ' Malt .
Atbettot Fiberi (1) (count) (2)" (Hf/L) (3J .(„«/..) U)l WII) (M "

Chryiotile (5) 146____ 184 26 1.3

Aaphlbole _______ _______ ______ '_____

Totel ,146_____ 184 26 1.3

SIZE DISTRIBUTION
Fartlcle Length (atcrona)

Fartlcle Count <0.5 0.5-1.0 I.O-I.S1.5-2.0 2.0-2.5 ».S

Chryeotlle (I) 6 53 ** 12 8 23

Aaphlbola

Fertlcle Width (alcroni)

<O.OS .05-.10 .10-. IJ .15-.20 .20-.25 >0.2S

Chryeotlle (I)

Aaphlbole

_____Aipect Retlo (length/width)

3-10 10-20 20-30 30-40 40-50 >50

Cryeotll. (I) 13 57 38 7 5 • 26

taphlbola

COttHEKTSi __Moderate to heavy debrie, many dl.tont

Hateet(i) Morphology - pertlclee with parellel eldei end e lan|th/wldth greater then thn |
(2) Nueber of flbere counted - autt egree with fiber dletrlbutlon count below.
(3) Million flberi p,er liter ' QR^ni??2
(4) Hlcrogreae per llttr H R 0 U I _ C. C.
(S) Electron diffraction pattern - triple let of double ipote or S.1A layer.
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ASBESTOS DATA REPORT

Cpliode Nuaber 263t'C

Laboratory EMS Laboratoriee Ho, 9733

Induatrlal Catetory ,
AabUr Aabeitoa Filea

Slte/atraaa AAP-SB-B2-10

Blank <

Standard

Othir (

Saapla alaai 25 aL Allied!

qA Reference Inforaatlonl

RESULTS

Aibeitoi Flberi (1)

Chryeoclle 0)

Aaphlbola

Total .

SIZE DISTRIBUTION

•article Count <0.5

Blenk Huabar 9733,

) Nuabir

( ) Huabir

) Nuabir
»ea ___

2 Std.

. Aibaatoe Detected.. . • • ...
Fiberi
(count) (2) •

193

193

•article Length
0.5-1.0

ConcertCr.it Ion
(HI/L) (3
243.6

243.8

(alcroni)
1.0-1.5

Jtul/L) («),

2.4

2.4

1.5-2.0

no _ x

Nuabar 9660-3

Detection
Llait

(IU/L) (3)

1.3

1.3

2.0-2.5 >2.5

Chryiotile'(I) jj__ 85 *M .17 9 26

Aaphlbole

____Particle Width (•Icroni)

<O.OS .05-.10 .IP-, i IS .U-.20 .20-. 25 >0.2S

Chryiotll. (I)

Amphlbola

Aapict Ratio (lenithMdth)

3-10 10-20 20-30 30-AO AO-50 )}0

Cryaotll. (I)

Aaphlbole

Ca«£HTSl

Noteai(i) Horphaloiy - partlclai with parallel il.ai and' I lcn|th/wldlh treitar than thita.
(2) Huibir of (Ibere counted - auit a|rae Mlth flbar dlaCilbulton count balow.
(J) Hllllon f Ibare par liter
(t) Hlcroirua per liter
(S) Clactron diffraction pattern - triple let of double ipoti ot 3.3A layer.
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__CrrUIENT GUIDELINES DIVISION
. ASBESTOS DATA RErOUt

2631-°________ EM Siapli (x ) Huabir 2631C-8A

Laboratory EMS No. 9733

Indui trial Citeiory

12 Blenk (

Standard
Location! AAp-SB-Pl-12 Decon Hater
Slte/atraaa A-**" Aebeetoa Piles, PtoJ. 223 othtr (

Staple elcel 15 aL Alhedl .

QA Reference Information!

RESULTS

Blank Huaber 973

Aibeitoi Detected.. •

) Nuaber ff

( ) Nuabir

) Huabir
',

3-« A- B Std. N«ber "33-«

• ... Detection
Fiberi Conccrttcatlon Halt

Aibeitoi ribert (1)

Chryiotile (5)

Aaphlbole

Total

SUE DISTRIBUTION

Partlcli Count <0,5

Chryiotlle (1) __ 5_

Aaphlbole

<O.OS

ChryiotlU (1) U

Aaphlbole ____

3-10

Cryeetlie (1) '

(count) (2) • WII) (J)

128 172

128 172

Particle Length (alcroni)
0.5-1.0 1.0-1.5

60 27

Particle Width (alcroni)

.05-. 10 .10-. IS

111 . 3

Aepect Retlo (length/width)

10-20 20-30

57 28

(ul/Ll (̂ ^ WII) (J)

1.6 ' 1.3

1.6 , 1.3

1.5-2.0 2.0-2.5 >2.5

5 13 __iiC

.I5-.20 .20-. 25 >0.25

0 0 , 0

————— ————— _ ——

30-40 40-50 >50

5 11 20

Aaphlbole

COHHCHTSi Modeme to light debrla
•

•

f

r
r
t:
i
c
i
i
t
L
C

Hoteai(i) Morphology - pertlclee with parallel eldet ind' e length/width trailer then the'
'(2) Nuaber/ of flbere counted - auet agree ulth fiber dlitrlbutlon count belott. (j
(3) Hill lot. (Ibara per liter ' nDOQ _U5
<*) Hlcrogreai per liter ft H 0 4 I t »«*
(5) Electron diffraction pattern - triple eet of double epote or S.3A layer.

B-292 17 Hov 83 Rtvi bail



EKIUENT GUIDELINES DIVISION
ASB.tSICJ.WTA REPORT

I

Eplaode Huabir 2631-c

Laboratory EMS No. 9733

Induttrlel Citesory

EM Staple (X) Nuabtr 2631C-83

,12 ' ' Blink t ) Hutbir

Standard 1 > Nuabir
station Location! "J__>.SB-P1-10 FB

Slte/itriaa /fobler Asbestos pne0f P,01. 223 Othir ( ) Huabir

Saapla e lie i 5 aL Aehedt' yn _ no X ,

qA Refarinci Intonation!

RESULTS

Atbeitot Flberi (1)

Chryiotile (5)

Aaphlbole

Totel

SIZE DISTRIBUTION'

Particle Count <O.S

Chryiotlle'(l) "

Aaphlbole ___

<0.05

Chryeotlle (1) 21

Aaphlbole

Blenk Ninber 9733.12 A, B Sld, Nuaber 9733.12

Aibeitoi Detected.. .. •• •• ... Detection
Fiberi > Concentration Halt
(count) (2); WII) (3) (yg/L) (4). (Hf/L) (3)

103 317 2.2 3.1

103 317 2.2 3.1

Particle Length (alcront)
0.5-1.0 1.0-1.5 1. 5-2.0 2.0-2.5

49 18 9 ' 2

Particle Width (alcrone)

.05-. 10 .10-. IS .15-. 20 .20-. 25
8 0 - 2 0 0

>2.5

————

>0.25
0

Aipect Ratio (length/width)

3-10

Crytotlle (1) 12

Aaphlbole _ _ __

COrlHIhTSl . Hoderate

10-20 20-30 30-40 40-50
4 8 2 3 9 4

to llftht debrla

>50
7

MVB̂ ^̂ H

1

Holeet(i) Horphology - partlclea with parallel ildee end'e linifh/fcftlfjhli^rfatlt than the
(2) Nwber of flbara counted - auet agree with flier dlitrlbutlon count balow.
(3) Hllllon flbiri per liter ' ' A^QllMfc
(4) Hlcrograat per liter
(S) Electron diffraction pattern - triple eet of double tpott or S.1A layar.

B_293 17 Nav 83 Rev! ba«:
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||,i_pei _T.MIP. '••n o»|u« kx / iiu.u.k 9fe-iir-7

...» ma umnBATmnK Hn. 079t Blink ( ) Nuebirliil',
|rl Cateiory ... Stendard ( ) Huaber

Aabler Aebeetoe Pllet
ft* AAf-SB-e6-io____ Othir ( ) Nuabir _

H'"' f|(lMci Inforaitloni Blenk Hmi.tr 9724 Std. Hueber 9660-3

.III!' .M ii.i 5 ml Aahidl yee no X ̂

•3

~~ n
.„,

Aebettot Detected.. • • ... _ Diteetlon
ribejfl • Concentration Halt '

ribert (I) (count) (2)~. WII) (1) frg/L) (4L
.all*'1
' ,|l» <5> 72 91 1.53 1.26

J2____ 91 1.53 1.26

—————————— II
Pa'rtlcle Length (alcrona)

IP '•»'"'• <0.50.5-1.0 T.O--liTi 1.5-2.0 2.0-2.5 >2.5

.il» (I) __4_ 23 19 10 0

.,,
"1

____Particle Hldth (alcrone)________________________

<0.05 .05-.10 .10-.15 .15-.20 .20-.25 >0.25

• 2 64 6 0 0 • 0
11C *
._,„.'•''• ————

Aapect Retla (length/width)

,,.""

.nil"
itfll *

.|l Horphology - partlclae with parallel aldae end'e lanith/wldth grieter than three.
,i,l"" ii) Hwber ef flbara counted - auit agree with fiber dlatrlbuclon count below,
" L) Hllllon flbeie per liter

],j Hlerograaa par liter
M Electron diffraction pattern - triple aet of double ipoti or ),)A leyer.

17 Hov B3 Revl belle
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3-10 10-20

(1) 5 29

Moderate debrle

20-30 30-40 40-50 >50 f:

IB 4 1 15

: __ __ __ __ |

—— : ——————— [



bii.ui.ni tiu.v<<..iii<a uino.uu ,
ASBESTOS DATA REPORT

EpTnrtt Huabir ^ 2i3I"C ______ EPA Caaplt (*, ) Huabir ___________

Laboratory EMS No. 9733.6 _______ Blink ( ) Niabir

O Induitrlal Category ____. • .' Stenderd ( ) Nuaber

Slte/etreaa A-0-" 223 AAP-SB-B9-10 Other ( ) Nuabtr _

Saapla eltei 5 aL Aihedi _____ yea ____ no X

QA Reference Inforaatloni Blank Hwber 9733'2 Std. Nu.be r 9733'2

RESULTS
Aebettot Detected.. . • • ... _ Detection

ribert Conc-rtCtatlon ' Llait ,
Aebeitoi flbere (I) (count) (2) " WII) (3) Jtyg/CTlir OU/L) (3>

Chryiotile (5) 139 824 21.1 5.9

Aaphlbole ______ •_ . _______ _______

Total 139 824 21.1 5.9

SIZE DISTRIBUTION
Particle Length (alcront)

Particle Count <O.T~~ 0.5-1.0 1.5-1.5~ T.T-2.0 2.0-T.5 >2.S

Chryiotile (I) 9 56 32 13 8 21

Aaphlbole ____ _____ _____ _____ _____ ____

Pertlcle Width (alcrone)_______________________

<0.05 .05-.10 .10-. 15 .15-. 20 .20-. 25 >0.25

Chryiotile (1) 2 121 13 2 i , 0 '

Aaphlbole ____ ______ _____ _____ _____ ___

_____Atpect Retlo (length/width)_______________________

3-10 10-20 20-30 30-40 40-50 >SO

Cryeotlle (I) 2» 54 28 10 •• JO__

Aaphlbole

COHHEHTSl Light to moderate debrle

Notaai(i) Morphology - partlclee with parallel eldae end'e length/width greeter then thre
(2) Huaber of flbere counted - auet egree with fiber dlitrlbuB«lhCbftj4e?f_iftw.
<3) Hllllon flbere per liter BnOT.TTT.fW
(4) Hlcrogreat per liter
(5) Electron diffraction pattern - triple let of double ipote or 5.3A layer.

17 Hav 83 Revl belt
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Laboratory M No' 9"3
Induatrlal Cateiory

.10 Blank ( ) Huber

f!».nJ.rJ / ) Dumber

Station Location! AAP-SB-B12-W (4-16-87) _ . . . u . LSlte/etreaa Anb.er-223 Othir ( ) HUB hi r

Staple t lie i 200 aL Aahedi _____ yee ____ no X

qA Reftrenct Inloraatlon!

RESULTS

Aibeitoi riberi (1)

airyeotlle (S)

Aaphlbole

Total

SIZE DISTRIBUTION

Particle Count <0,5

Chryeotlle (1) 15

Aaphlbole ____

<0.05

Chryeotlle (1) 12

Aaphlbole ____

3-10

Cryeotlle (1) 17

Aaphlbole

COMMENTS 1 Water .

Blank Niober TR-1-l-A.B Std, Nwber 9733.2

Aebeitoi Detected., . • • ... Detection
Flberi Concentration Llalt
(count) (2) • WII) (1) .(uR/L) (4),. (iU/L) (3)

112 19.8 0.2 0.18

112 19.8 0.2 0.18

Particle Length (alcront)
0.5-1,0 1.0-1.5 1.5-2.0 2.0-2.5 >2.5

57 13 10 5 12

_____^_ ______ ______ ______ ^

Particle Width (alcrone)

.05-. 10 .10-. 15 .15-. 20 .20-. 25 >0,25

97 1 2 0 . . 0

Aipect Retlo (length/width)

10-20 20-30 30-40 40-50 >50

50 20 9 4 12

. —— .... ————— .. —————— ——— ————— . .....

Fluid blink. EPA Tag No. 1-l?90$fi

Moderate to light debrle on filter

tt
»T.

ft
I
1
i
I'
I
1
f
|

I
I.

I
Noteei(l) Morphology - pertlclee with parallel eldee end' e length/width graeter then three

(2) Nuaber of flbere counted - auat agree with fiber distribution count below. I
(3) Million flberi per liter I.
(4) Hlcrogreae per liter ....
(i) Electron diffraction pattern - triple eet of double •P̂ 3Q5j-*(l-fly«r. \J

17 Hov 83 Rev) beelc'
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ASBESTOS DATA REPORT

EPA Staple ( ) Huabir

Laboratory EMS No, 9733,10

ft Induttrlel Category ,
Station Location) «U--SS-B.U-J;U
Slte/etreaa An.bier.223

Saaple eltel 200 "L

qA Reference Infor-itlont

RESULTS
,

BUnk ( x

Standird

Other (

Aihed i

Blank Nuaber

) limber 9733.10/TR-l-l-A.B

( ) Hunbir

) lluabet

yee

Std.

Aebeltoe Detected. . • •
Fiberi

Aibeitoi Fiberi (1) (count) (2)

Chryeotlle (5)

Aaphlbole

Totel

SIZE DISTRIBUTION

Particle Count <0.5

1

1

Particle
0.5-1.

Concert. ration
' 'OK/LJOJ'

0,03

0,03

Length (alcroni)
0 1.0-1.5

.(ug/L) (•;)_

9.2 x 10"5

9.2 x 10"5

1. 5-2.0

no jj __ _

Nunber

Detection
' Limit
(llf/L) (M

0,03

0.03

.
2.0-2.5 >2.5

Chryiotile ( I ) _ £ _ 1 9 0 0 0

Aaphlbole

_____Pertlcle ti.dth (alcroni)

____ .05-.10 _JO-.J5 .15-̂ .20 .20-. 25 >0.25

Chryiotllt (I)

Aaphlbole

_____Aepect Ratio (length/width)

COtMEHTSl

Nateei(i) Morphology - pertlclee with parallel ildei and'e length/width greater then three.
(2) Ihmiber of flbera counted - auit agrae with fiber dlatrlbutlon count below.
<J) Million flbare per liter /IftlfllOCn
(4) Hlcrogreaa per liter «n«-»U -^5U
(5) Electron diffraction pattern - triple eet of double ipoti or S.3A layer.

17 Mov 83 Revi bailc
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ASBESTOS DATA REPORT
-•«

EplnoJe Huabir 2631-C_________ EPA Staple ( ) Huabir __

Leboritory EMS Uboratortei Ho. 9733 Blank (x ) Nueber 9733.2

Induetrlel Citigory ____. ; Standard ( ) Huaber __
Xablar;' Moeacoe riiee

Slte/itreaa AAP-S8-10________ Other ( ) Nuabir

Saapla elm 200 «L Aahidl ._____ X«e _

qA Reference Inform, t Ion I Blank Niaiber »"3.2 std. Nuabar 6̂0-3

Chryeotlle (5) » "•"" ____!__. """

Aaphlbole _______ _______ ______ ____

Total _J____ °-06 1'8 " ""* "-03

SUE DISTRIIUTIOH
____Particle Length (alcrona)

Particle Count <0.5 0.5-1.0 _____ _____ __

Chryeotll.'(l) 1 1 ' 0 0 0 0

Pertlcle Hldth (alcrone)

Cryaotlle (I) __1__ . 1 0 0 0 _0

Aaphlbole

COHHEHTSi

Hoteei(i) Morphology - partlclaa with parallel aldaa and'a length/width graater than thru.
(2) HuBjbar of flberi counted - auit agree with flbtr distribution count belou.
(I) Million fIbira par liter
(4) Mlcrograai par liter
(5) Electron diffraction pattern - triple let of double apota or 5.3A layer.

17 Hov 6} RIVI bailc

AR30I25I
B-298.

r
RESULTS ' fl

Aebeitoe Detected.. • • ... _ Detect Ion I
ribtrt Conctrttutlon ' Llajt •• I

Aabaatoe flbtri (I) (count) (2)" (H./L) (1)1̂ 7L) (4L OU/L) (1)'

(alcrona)______. ___ I:' I
1.0-1.5 1.5-2.0 2.0-2.5 >2.5 ---I

Aaphlbole '

<0.05 .05-.10 .10-. 15 .15-.20 .20-.25 >0.25

Chryaotlla (I) _0__ 2 0 0 0 . 0 |ij

• Aaphlbole ____ ______ _____ _____ _____ ____

____Aipact Ratio (length/width)_____________________ |

3-10 10-20 20-30 30-40 40-50 >50

I

Ii tht page filmed in thi4 frame i4 not at ntadablt.W legible at, --
label, 4.t i4 due to AubAtandand colon on condition oi the oniginat page.
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APPENDIX C

TEM ASBESTOS VALIDATION PROCEDURES AND
VALIDATION OF TEM RESULTS
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Asbestos TEH QA Data Revie*
CM* l/Sitt ID: SAS No. 3482C/Aabl«r Asbestos
Sito Manager: Femk Finger
Data Ravie««pTOr. jtob»rV_J. Eaerion
Signature: jf,-•/__<td f"'stim*---*

O shelburne Laboratories, Inc.
Report Date: March 31, 1988
Page 1 of 2

Sanple Numbers: 3482C-1 thru 3482C-31

OVERVIEW

Thia Ambler Asbestos Piles TEH data (Case 3482C) audit includes the
review ol! 31 air samples. The review was conducted to ensure adherence
to the specified TEM method and its associated quality control. The data
received included analytical results including selected area electron
diffraction (SAED) photographs, energy dispersive x-ray spectronetry (EDXS)

I profiles, computer generated reports, raw data, calculations, reference
I SAED patterns of standard asbestos, reference EDX spectra of all aabestos

types, camera constant calculations, NBS Standard Reference Material 1876
analysis, and SAED pattern of .<3S standard and magnification calculations.
One Asbestos TEM data validation summary sheet is submitted for the 31
samples.

lo
The samples included four field blanks and ten laboratory Trip blanks.

Sample 3482C-3 is a duplicate of 3482C-2 and 3482C-10 is a duplicate of
3482C-9.

SUMMARY

Tha TEM data reviewed for this set of air sanples meets the
requirements of the contract and the data is not qualified as to its
usability. The overall quality of tha data was good and when problems with
analysis occurred, the analysis was repeated. EPA 40 CFR Part 763 Appendix
A was tha analytical protocol followed and all deliverablea ware submitted.
The analytical data is usable for litatagory purposes.

A majority of, the fibers identified where small (1.0 micros or less)
chrysotile asbestos fibers. Only occasional bundles, clusters or matrix
were identified.

MAJOR ISSUES

There were no major problems that would qualify the data.

MINOR ISSUES

There were no minor issues that would qualify the data.

INFORMATION REGARDING REPp.RT.̂ ONTENT

These data ware reviewed according to Guidelines for Asbestos (TEM)
Data Validation supplied by the U.S. EPA Region III and the original
contract documents for sample analysis which accompani«.nffee MfM.j'eta to
be reviewed.
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Gate Review Completed 3-31-88——
Case No. 3A82C SAS Ho. 34620 Contract; Lib Shelburne Laboracories1
Site H«me _ ' ________ Contract Ho. 'PKAL Zii-QS —
Sample Noi. 3&82C-1 thru 3->82C-31 LAB OPO — [
___________________ RevlewerTh:. Robert J. EmeTson——' r
' from Region I "Tnone~~"~"~~~"~~~~~~~
MATRIX
air
soil/solid
aqueous
other

CONCENTRATION
low
X

med * hiqh MATRIX RELATED COMMENTS
Occasional light debris

1.0 SAMPLE PREPARATION
1.1

t

'ILTER INFORMATION
TT
.2
.3 '

i ter material
i ter size 4 porosity
f ective collecting area

.4 Indexed grid

2.0 CALIBRAT ON S C
2.1
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2.
T.r.z.r
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MAGNIF CAT 1 Of
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mesh size
UAL I TV CONTROL
CALIBRATION
once weekly
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.3 Control limit
CAMERA CALIBRATION
2.1 Performed once weekly
2.2 Calculation
2.2.1 Ib. of rings measured
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\ iFEf

2.4.1 1
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BEAM C
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^ ,

N:: SAE
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4.1TI51
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X
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4.2 TOTAL
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6.0 TOTAL NUMBER STRUCTURES

7.0 TOTAL UNIDENTIFIED STRUCTURES

8.0 COMMENTS (debris, fiber density)
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Aibastos TEM QA Data Review
Case I/Site ID: SAS No. 2631C/A_bler Asbestos

' Site Manager: Prink Finger
I Data Reviewer^rfr. Jpfearfr J. Emerson
x-. Signature: f AULU. T> &t~*-t***̂
<| ) Shelburne Laboratories, Inc.

Report Data: March 31, 1988
Page 1 ot 9

Sanple Numbers:

Hater Samples s

2631C-01 thru 2631C-13; 2631C-7, 2631C-38, 2631C-43, 2631C-70,
I 2631C-83 and 2631C-84

' Air Samples;

102-01 thru 102-36; 102-39, 102-41 thru 102-49; 102-51 thru
102-54; 101-01, 101-02 and 101-04 thru 101-13

OVERVIEW

This Anbler Asbestos Piles TEM data (Case 2631C) audit includes
the review of 67 air samples and 19 water samples. The review was

I conducted to ensure adherence to the specified TEM nethod(s) and
their associated quality control. The data received Cor both tha air
and water sanples included analytical results with corresponding
laboratory work sheets. There was no requirements for submission' of
selected area electron diffraction (SAED) patterns or energy
dispersive x-ray spactromatry profiles.

Three asbestos TEM data validation summary sheets are submitted
for the 19 watar samples and two validation summary sheets are
submitted for the 67 air samples.

The air aanplas include six field blanks and four laboratory
blanks. In addition, three duplicate air simples were collected.
They are samples 102-33 a duplicate of 102-31; 102-48 a duplicate of
102-41; and 102-51 a duplicate of 102-49. Seven blanks and 13
standards were included with the 19 water samples.

Occasional bundles and matrix debris were identified in the water
samples, However, the results indicate the majority of tha asbestos
was identified as fibers. Chrysotile was thn predominant asbestos
type. Although the fiber size was variable, they clustered between
0.5 -1.5 nicrons in length and widths of less than 0.2 microns.
Chrysotile aabestos was the predominant fiber identified in the air
samples. Again the size was variable, however, a majority of the
fibers were small, ranging in size from 1.5 microns in length or less.
Occasional bundles and clusters wore identified. There was a
prominent gypsum matrix debris in several samples which indicates
possible disposal of other non-asbestos containing debris.

AR30I257
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Asbestos TEM QA Data Review
Cast I/Site ID: SAS No. 26J1C/Ambler Asbestos
Site Manager: Frank Finger ["
Data Reviewer?/9r. Rabett J, Emerson \K
Signature: /̂ /l/̂ .ur.7. rsuL+vL
Shelburne Laboratories, Inc. ' j
Report Date; March 31, 1988
Page 2 of 9 '

rlSUMMARY

Overall, the TEM data reviewed for the air samples meets the
requirements of the contract and any problems discussed below do not
qualify the data on its usability. Data provided for each sample I
includes a computer generated report which contains all of the . -
information required to be compliant with the deliverables of the
contract for analysis. Each computer generated report is accompanied
by their respective laboratory work sheets.

Although there was no information provided for a series of _,.
deliverables, particularly related to calibration and quality I
control, it is the reviewers opinion that thia does not qualify the L, |
data. Detailed quality control and calibration information was
provided a aa a deliverable for Case 3482C by the sane laboratory. I
Therefore, it ia assumed that the same instrumentation, quality |
control and calibration procedures were applied to the analysis of
Case 2631C, air and water samples.

HATER SAMPLES

The TEM data for the water samples meet the requirements of the
contract for analysis and any problems discussed below do not qualify
the data. Data provided for each sample includes a type-written
generated report which is compliant with the deliverables of the contract .,
for analysis, Each report is accompanied by their respective laboratory I
work sheet. -

MAJOR^ISSUES I
Ml. Air Sample Analyaia Methodology

Approval was granted by the U.S. EPA Region III, Central Regional
Laboratory for EMS Laboratories, the Contract Laboratory to use the l
"Yamata Method" for the analysis of air samples as an alternative to the
NIOSR 7402 method. However, no mention ia made aa to whether Level I, II I
or III method should be used. This was not clarified by the contract |
laboratory in the information and data reviewed.

The data review indicates that Yamate Level I analysis was used for
the 67 air samples. Level I analysis includes identification based on '
morphological criteria and visual selected area electron diffraction
recognition. j

AR301258 r\
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Asbestos TEM QA Data Review
Case #/Site 111: SAfl No. 2631C/Amblar Asbestos
Site Manager: Frank Finger
Data Reviewer?Or. Robert_J. Emerson
Signature: £tXinir& tfijJ**'!-'
Shelburne Laboratories, Inc.
Report Data: March 31, 1988
Page 3 of 9

MAJOR ISSUES (continued)
It should be pointed out that Level I analysis serves only as a

monitoring or screening technique and is not applicable for legal
proceedings.

For the record, it should be stated as to what Level of analysis was
actually performed. If either Level II or III was used, additional data
would be required and if unavailable, would qualify the analysis.

MINOR ISSUES

ml. Air Sample Loo Discrepancy

There is a discrepancy between air samples I 102-05 and 102-06.
In a letter dated May 9, 1988 from B.M. Rolk of EMS Laboratories
listing the samples anaiyzad, sample 102-05 is listed as a blank and
102-06 is listed as an air sample collected by reservois bend,
Hissahickon water sched. However, the hand written EPA sample Shipping
Log, page 324, Case 2631C, list sample 102-05 as a collected air sample
and 102-06 in thia log is shown aa a blank.

Review of the data indicates that infect sample 102-05 is a blank'
aa listed in the letter and 102-06 is an ashed sample containing asbestos.
Therefore it appears that the cover letter described above has the correct
listing of samples. The shipping log has incorrect listings for samples
102-05 and 102-06.

m2. Volume of Hater Filtered

The U.S. EPA Interim Method for Determining Aabestos in Water
recommends that the volume of water filtered range from 50 to 500 ml. In
a sample of high solid content, where less than 50 ml is required, the
sample should be diluted with filtered distilled water so that a minimum
total of SO ml of water is filtered.

Review of the data indicates that leas than 50 ml of water was
filtered in several instances. However, based on experience of analysis
of similar samples, the review does not feel that the data has been
qualified to its usability.

G AR3GI259
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Asbestos TEM QA Data Raviaw T
Case I/Site ID: SAS No, 2631C/Ambler Asbestos '"
Site Manager: Frank Finger ( )..
Data Reviewer? 6f. Robert J-. Emerson I
signature: f~ Vfci'/T,;̂  fĵ -̂ /tf̂ ' .. '
Shelburne LaboratorieaT, inc.
Report Date: March 31, 1988 F
Page 4 of 9 1

INFORMATION REGARDING REPORT CONTENT j

These data wara reviewed according to Guidelines for Aabestos
(TEMI Data Validation supplied by the U.S. EPA Region III and the I
original contract documents for sample analysis which accompanied the I
data sets to be reviewed.
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P
Date Review Completed ,_
C.se Ho. 2631C SAS Ho. 263IC Contract Lib Shelburne' laboratories
Site Ĥ ĵler Asbestos Pilea Contnet No. PKAL.223-05 —

HOI. Z63IC-7U LAB DPO ~
, Rev1ewer~pr. Robert J. Baeraon ~

; ______________ from Region l Phone C8Q2) 985~
___________________ _ 3379

CONCENTRATION
MATRIX
air
soil/solid
aqueous
other

low iwd high

X

MATRIX RELATED COMMENTS

LJ
vri
KhC to noderace debris, did noc appear to Interfere
th analysis.

1.0 SAMPLE PREPARATION
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. 7T
'7T
'77!"

2.0 CALIBI
2.1 MAil
2. .1
27 72"
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' Iter material
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IFICATIC
Performe
Calculat

J. ITT Control
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2.2.1
2.2.2
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on
Imlt
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• in

2.2.2.1 No. of rings measured
2.3~6R
2.4 R. •

2.4.
2.- .2
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IBS SRH 1B7
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RENCE D
, , WTI
CURREN
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3.1 TOT/I

3.1.1

3.1.2
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4.0 TOTAL
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, IUMBE 1
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Size dls
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Size dls
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. NUMB ,

CLUSTERS
MATRIX

lUlltER ASBESTOS STRUCTURES
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. A4PHIBI

1 ,E
L , (list type)

5.0 TOTAL MASS ASBESTOS ANALYZED

6.0 IOIAL NUMBER STRUCTURES
7.0 TOTAL UNIDENTIFIED STRUCTURES

8.0 COMMENTS (debris, fiber density)

OK

X

X

X

X

X
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X
V

x
X
X
X
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y
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Date Review Completed
Ctse Ho. 2631C SAS No. 2631C Contract Lib Shelburne La-wat-oH,.
Site Himrj-»-g'--be3tos Piles Contract No, .m-ffl-05 — _

"~ ——— lj|
*«•>

a ̂

i
Sample Nos7236lC-200-ol.'Q.2L 03. (M. LAB DPO _________
OS. 06. 07. 08. 09, 10. 11T~12 and 13 Rev1ewer"l.T. R.J. Bnerspn '~'~"
.__________________ from Region I Phone (wt) w55,———. , 3.79

CONCENTRATION
MATRIX
air
soil/solid
aqueous
other

low

X

med high MATRIX RELATED COMMENTS

to apparent difficulties, i•anjzed fijpm light to heaw

i

2

3.

0 SAMPLE PREPARATION
1.1 FIL

1. TT
. 77
. 7J
. 74"

TiR INFORMATIC
:1 ter mater
' ter size i

N
al
porosity

ii ectlve collectinq area
Imexed grid

oIO
2.1 4AG~
2. TT
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27 TT

IATION &
MFICATIC
Perfonw
Calculal
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2.2 CAMERA CALII
2.2.1 Performe
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2.3" iR 1
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2.i .
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2.5" Efl
ZT6"ACCI

mesh size
UAL ITY CON'
CALIBRATIG

!OL
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TOTAL UNIDENTIFIED STRUCTURES

COMMENTS (debris, fiber density)
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x
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X
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.

No grid mesh size indicated
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ed
ed

/l D O r i———— <IK30j „ „ _-.62 ,

Ftiii

C-8

Id tfee pagtt <<i*-ed ^n thit frame it not at neadable on legible at thit
label, 4.t 4.4 due to tubttandand colon on condition oi the oniginal page.

i
-r-t\•̂ *"

t:
c

•u.



IrO

Mirt «m..uAi.uN NUMMARY page 7 of J_
Date Review Completed 3-31.-88
C«t H0.2631C SAS No. 2631-C Contract Lib Shelbome Laboratoriea .
Site Hane ̂ ablerAsbestos PIlea Contract No. PKAL-223-05 ——'
Sample No*.Z63.C-7. 28, 43. 83 and 84 LAB OPO

Reviewer Dr. Robert J. Bnerson
from Region I Phone (802) 985-

3379

MATRIX
air
soil/solid
aqueous
other

CONCENTRATION
low

X

med hiqh MATRIX RELATED COMMENTS

Light to moderate debris,
to analysis.

no apparent problem related

1.0 SAMPLE PREPARATION
1. 'ILtil
. 7Tr
. T'
. 7T!i
. .4 In

INFORMATION
tier mater
ter size t
fectlve co

ll
porosity
lectlnq area

dexed arid mesh size
2.0 CALIBRAT
2.1 ASH F
2. .1 'e
27 12" !a
2. .3 Co

2.2 CAMERA
2.2.1 Pe
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2.2.2.1

2.3 HID d
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2.51 T'l!2.6 rc ; ;
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ION t (UALITY CONTROL
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rforra once weekly
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v rol (nit
I9U.IB MION
•form once weekly
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'ENING AREA
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S Sf 1 1876
> reference standards
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CTRA
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3.0 ASBESTOS STRUCTURE
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3.1.1 Tot
IUMB iR FIBE
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3.2 TOTAH
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S
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8.0 COMMENTS (debris, fiber density)
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X
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X

X

X
X
X
X
X
X
X

X
X
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X
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. X

X

>:j;x
x
X
X

X

X;.
X

COMMENTS

to pore size indicated

to grid mesh size indicated

to information provic ec
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5 a K nictation provided
an :ortnation provided
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No information providec
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Date Review Completed__Mb
tun/ unm iM..unuun JUIWRI P«98 3 <" _2_ r-i

Hi'."̂ r̂"'5ASHo. 2631C ~ Contract Lab
'' "Stti Nine" tabler" Asbestos Piles Contract No. fKAi.-a.3-Q5 ' r I

Sample NosTlM̂ l thru 102-26 LAB DPO __—_——___——————— I": I
ini'lni 'n?.' nt. rhmlQl-Qfi Reviewer Dr. Robert . IMil iii. u.. irt i.iuu -u* — Pnone E___£T-3379

MATRIX
air
soil /sol id
aqueous
other

CONCENTRATION
low
X

med hiqh MATRIX
Heavllx.

RELATED COMMENTS
loaded flvpsun samples ashM prior to analysis

1.0 SAMPLE PREPARATION

2

1. FIL
. 75

". .2
.1.3
.1.4

FIR INFORMATION
:1 ter material
; ter size h porosity,
'i' ectlve collecting area
Indexed qrid mesh size

0 ClU!
2.1 lAi
2. .1
2772"
2732.2" m
2.2.1
2.2.2
777T2.31612.4 1 :
2.< .
77>T

2.5~1.T
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BEA
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1 FT*ATIO
'er ormei
'alculat
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CALIBRATION
once weekly
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kTION
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in
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3.0 ASS'S!
3. '')Til
j.:7T
3.1.2
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7.0 TOTAL UNIDENTIFIED STRUCTURES
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ASBESTOS (TEM) DATA VALIDATION SUMMARY page 9 of _9__
Oate Review Completed —— 3-3I-68 ——
Case Ho. 2631C SAS No. 2631C Contract Lab Shelburna Laboratories
Site Name An-fler Asbestos Piles Contract No. PKAL-*.-3'-fl5 ~ —
Sample Nos. J02-25 thruJ)2-36! LAB DPO "
102-39; 10241 thru 102-597 102-51 Rev1ewer~Br. Robert J. _.
thru 1Q2-SA! 1024)7 thru 101-13 from Region I Phone jgugj

MATRIX
air
soil/solid
aqueous
other

CONCENTRATION
low
X

med hiqh MATRIX RELATED COMMENTS
101 Series heavily loaded with KYPSim, approprtatley
aahed prior to analysis.

1.0 SAMPLE PREPARATION
1. 'ILT R

. .1 11

.1.2 ''i
l.l.Hfl
.1.4 nc

INFORMATION
ter mater al
ter size & goroslty
Active co lectinq area
exed grid mesh size

2.0 CALIBRATI
2.1 WGNIF
2. .1 'ei
27 .2 Cal
2. .3 Cor

2.2 ,AME A
2.2.1 'ei
2'.2.2 li'
2.2.2. N

2.3~Sf TIP
2.4 RE EREN
2.4. NBS
27* 72". az.mmm

2.6 ACCEL , 1
BEAN CU

3.0 ASB '5 05"
3.1 TO AL N

3.1.1 Tot
Siz

3.1.2 Tot
Siz

3.2 TOTAL"!
3.3 TOTAL N

ON a (UALITY CONTROL
CATION CALIBRATION
orme once
culat on
trol in t

weekly*

ilALlBl (TOR
ormei once
cula ; in
o. of rims
;NIHG AREA

weekly
measured

CE SAED t ZONE AXIS
SRM 1876
reference standards

CE EDM SPECTRA ————
ATION VOLTAGE AND
RRENT

STRUCT IRE DESCRIPTION
UHB ! : 16 !R$
al C ryso il
e d str but

e/
on

al Amph bole/
e dlstr buttonUKBER BUNDLES ———
JMBER CLUST .RS
JMBEI MATRI, ,

4.0 TOTAL NUK1
4.1 TOTAL «
4.2 TOTAL A

IE 1 ASBISTOS STRUCTDRET
JfWTTI ———————
^HlBOLE (list type)

b.OTBTAT MASS ASBESTOS /NALYZED '
6.0 TOTAL NUMBER STRUCTURES
/.O TOTAL UNIDENTIFIED SIRuCTuRES ~

8.0 COMMENTS (debris, fiber density)

OK

X
X
X

X

X
X

x
X
X
X
X
Xx
X
X
X
X
x
x
X

FY ACTION

X

X
X
X

Xx

COMMENTS

No information provided

Ho information provided
No information provided
No information provided

No information orovided

X
X
X

No data provided
No data prow ded
No data prov ded

/I Port i n/-.f
ni\ wU 1 £.0bi
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GUIDELINES FOR ASBESTOS TEM DATA VALIDATION rl
1.0 SAMPLE PREPARATION ,

1.0 Filter Information • I. 1
1.1.1 Filter Material—verify characterization of the filter

material as polycarbonate or cellulose ester. NIOSH
7402, EPA Interim method for Determining Asbestos in
Water, and EPA Interim TEM Analytical Method advocate
the use of cellulose ester membrane filters; I
polycarbonate filters are indicated for use by the L. 9
Yamate Method.

1.1.2 Blanks
1.1.2.1 Method blanks—verify that two filters from each lot of

100 filters being used in the field and/or laboratory I
have been analyzed by TEM for asbestos contanination. 1:
The filters are to be taken from the middle and front of
the lot. If the asbestos fibril count per 10 grid r
squares (200 mesh) exceeded 1 fibril for either one of f~>y
the filters, verify that two additional filters were '<-•'
counted. The average number of fibrils per 10 grid ...
squares for the four filters is not to exceed 1, nor is p
the fibril count to exceed 3 for any 10 grid square *~.
count, otherwise the filter lot is to be discarded.

1.1.2.2 Ashed Method Blanks—If ashing of the polycarbonate |
sampling filters has been done because of heavy
organics found on the sampling filter, high loading .
and/or a CaS04 matrix, two filter blanks are obtained I
from the same lot and ashed in order to obtain a *
background level of asbestos filter contamination.
These values are to be reported "ashed blank values" ("
and are to be subtracted from the ashed sample values. |

1.1.2.3 Field blanks—Field blank values are to be run .
in duplicate with the following information reported:
exact location, distance from site, wind velocity, wind '
direction, relative humidity, date, and sampling time.

1.1.3 Verify that the effective collecting area is correctly |
calculated.

1.1.3.1 25mm diameter • 385mm squared I
47mm diameter • 960mm squared ARSOIPnf",

• • • • • O

012
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1.1.4 Verify that samples and blank preparations were done in
a clean room or a laminar-flow class - 100 clean bench.

2.0 CALIBRATION AND QUALITY CONTROL

2.1' Magnification Calibration
2.1.1 Verify documentation of magnification calibration of

each objective lens to be 'used using a carbon
diffraction grating replica. This is to be done on a
weekly basis.

2.1.2 The control limit for the true (calculated)magnification
at the fluorescent screen must be plus or minus 10% of
the magnification value of the lens.

2.2 CAMERA CALIBRATION

2.2.1 Verify documentation of camera constant. Calculation
of camera constant should be an average of as many
rings of a gold coated sample or gold film standard as
can be measured (recommend a minimum of 4 to 5 rings).
cc(mm-A) « (D(mra) x d(A))/2 where cc • camera constant

D • diameter of the
ring.

d • interplanar
spacing of ring
being measured

2.3 Verify calculation of average grid opening area. Twenty
grid openings should measured with the Halton-Beckett
graticule and then averaged to calculate this value.

2.4 Reference SAED Patterns
2.4.1 Verify submittal of reference SAED (selected area

electron diffraction) patterns and zone-axis
diffraction patterns obtained by analysis of standard
asbestos materials. These data will aid in qualitative
identification.

2.4.1.1 An SAED photo of NSB STD. Ref. Material 1876
(chrysotile) with an evaporated gold coating (20 to 30
A) is to be submitted. The d-spacings are to be
reported. This is to be done once weekly.

2.4.1.2 Compare 50% of all submitted SAED patterns of sample
fibrils to the SAED patterns submitted of reference
asbestos materials (line 2.4.1 and 2.4.1.UnnU. JijUs

C-13
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comparison revels an error in the evaluation of any one '
fibril, all of the submitted sample SAED patterns are
to be reviewed for misevaluation. • I""

2.4.2 Verify that all samples were coated with a gold film 20
A thick. r

2.S Reference EDX Spectra
2.5.1 Verify submittal of EDX spectra for chrysotile, I

corcidolite, tremolite, amosite, anthophyllite and [
actinolite standards.

2.5.2 When evaluating the samples by EDX, the peak height I
response for Si must be minimum of 200 counts, and must *"
be set equal to 10.

2.5.2.1 Elemental profiles for each asbestos fibril analyzed L
are reported for elements of Na, Mg, si, Ca, and Fe in
tabular form. I

2.5.2.2 Fibrils with EDX profiles of 0-5-10-0-0 to 0-10-10-0-0 *
are to be labeled chrysotile.

2.5.2.3 Fibrils with EDX profiles similar to the standard Qi
amphibole profiles reported (2,5.2.1) are characterized
as the amphibole and labeled as "probable". A similar pp
EDX profile has the same normalized whole number for _|

..Ha, Mg, Si, Ca, and Fe. Values can vary plus or minus
1 except for Si and for elements where zero is reported
for the standard. I

2.5.2.4 Ambiguous profiles are labeled' "possible chrysotile,"
"possible amphibole,* "unknown" or "non-asbestos* i
depending upon the elemental profile. |

2.5.3 Review all reported sample EDX profiles to confirm the
assigned characterization. |

2.6 Verify that acceleration voltage and beam current are
documented and are sufficient to perform the analysis. i

3.0 ASBESTOS STRUCTURE DESCRIPTION: Verify calculation and '
reporting of the following information.

3.1 Fibrilsi Total Number and Number of Fibrils/cc
3.1.1 Chrysotile <,
3.1.1.1 Total number chrysotile fibrils per area analyzeoSQ n » o r a

C-14
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o
extrapolated to total fibrils per filter.

3.1.1.2 Total number of chrysotile fibrils per cc of air
filtered.

3.1.1.3 Size Distribution: Length (urn), width (urn) and aspect
ratio—all expressed as a range and a mean.

3.1.1.4 Fibrils are distinguished into two length categories—
5 urn and less, and greater than 5 urn.

3.1.2 Amphibole
3.1.2.1 Total number amphibole fibrils per area analyzed,

extrapolated to total fibrils per filter.
3.1.2,2 Total number of amphibole fibrils per cc of air

filtered.
3.1.3.3 Size Distribution: length, diameter, and aspect

ratio—all expressed as a range and a mean.
3.1.3.4 Fibrils are distinguished into two length categories—5

I urn and less, and greater than 5 urn.
^ -
••••'' 3.2 Bundles: Total Number and Mass (ng)
is 3.3 Cluster/Clumps: Total Number and Mass (ng)

3.4 Matrix/Debris:. Total Number and Mass (ng)
4.0 TOTAL NUMBER OF ASBESTOS STRUCTURES

4.1 Total Chrysotile
4.2 Total Amphibole
4.2.1 Crocidolite
4.2.2 Tremolite

4.2.3 Amosite.

4.2.4 Anthophyllite
4.2.5 Actinolite
5.0 TOTAL NUMBER OF FIBRILS OF ASBESTOS ANALYZED:

Expressed as fibrils per area analyzed, fibrils per
filter, and fibrils per liter air.

AR30I269
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6.0 TOTAL NUMBER OF STRUCTURES

7.0 TOTAL UNIDENTIFIED (AMBIGUOUS/OBSCURED) STRUCTURES I

8.0 COMMENTS: e.g., Matrix/Debris, Fibril Density and any • r
others applicable. [

I
E
I

HR30I270
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ASBESTOS (TEM) DATA VALIDATION SUMMARY page 1 of __

b
I

Date Review Completed
Case No. SAS
Site Name

No. Contract Lflb
Contract No,

Sample Nos. LAB DPO
Reviewer
from Region Phone

MATRIX
air
soil/solid
aqueous
other

CONCENTRATION
low med hiqh MATRIX RELATED COMMENTS

1.0 SAMPLE PREPARATION
1.1
1.
T
T7r

ILT!
.1 !
.2 '
.3 ,'•

; INFORMATION
Her mater ~
ter size &

il
porosity

i'ectlve collecting area
.4 Indexed grid mesh size

2.0 CALIBRATION S
2.1 MAGN
2.
27
Z7

2.7"

.1

.2

.3
\Hk

2.2.1
2.2.2 i
2.2.2.

2.3151
274 R
Z.'
2.4

R, )
E E
.
.2 La

2.5 REFEIE
2.6 ACCELE

BEAM C

ICATIO
rforme
Iculat
ntrol
CALIB
rforme
Icula ;
No. o
'E (ING
NCE SA
S SRM

UAL ITY CONTROL
CALIBRATION
once weekly
in
Imit
WON
once weekly
on
r ngs measured
AREA:D i ZONE AXIS
876

b reference standards
CE EDXS SPECTRA
IATMN
URRENT

VOLTAGE AND

3.0 ASBESTOS STRUC1
3.1 T
3.

3.1

3.2 T(
3.3 T
3.4 T

JIAL
1 lo

(Unfit 1
tal CTr

Size dlst
2 Total Ami
Size d1$i

)TAl
AL

NU1BER
i US'

TAL NUMB !

URE DESCRIPTION
FIBERS
ysotl
r tul

e/
•on

h bole/
r lution
B NDLES
C"TJ51
MAIkl

:RS

4.0 TOTAL NUMBER ASBESTOS STRUCTURES
4.1 T
4.2 T

IAL
IAL

CH IYS01
to >HI8C

l.t
L: (list type)

5.0 TOTAL MASS ASBESTOS ANALYZED

6.0 TOTAL NUMBER STRUCTURES

7.0 TOTAL UNIDENTIFIED STRUCTURES ""

8.0 COMMENTS (debris, fiber density)

OK FY ACTION COMMENTS

flR3fi 1 °7 1HIIOU | (. 1 |
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APPENDIX D

GEOTECHNICAL ANALYSES

1207E
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SLOPE STABILITY COMPUTER RUNS
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SECT 1 UNOMIhfO CASE, U9P
27 11
122. 10. 131. IS.
133. IS. 142. 20.
142. 20. ISO. 29.
ISO. 25. 1S4.S 30.
194.9 M. IM. 39.
IM. 39. 172. 40.
172. 40. 1(2. 49.
112. 49, 1*4. 4*.
1*4. 44. 210. 4S.
210. 49. 232. 42. 2
232. 42. 2M. 45. 2
20*. 44. 210. 49. 2
1*4. 49. 20*. 44. 2
IM. 44, It4, 49. 2
174. 40. 114. 44. 2
194.9 30. 174. 40. 2

P192. 29. 15«.S 30. 2
144. 1*.S 192. 29. 2
134. 13.5 144. 1*.5 2
129. 10. 134. 13.9 2.

, 20*. 34, 2*0. M. 3
( 2 0 * . 34. 22*. IB. 2

17«. U, 22*. 1*. 3
, 17*. U, 112. 10. 2

122. 10. 129. 10. 4
129. 10. 162. 10. 4
112. 10. 2M. 10, 4
SOIL
4

. 12*. 130. 0. 3*. 0. 0. 0
•7. 104. 210. 20. 0. 0. 0

i •*. I*. 4*0. 0. 0. 0. 0
1*0. 1*0. 1*0000. 30. 0. 0. 0
HATIR
1 0,

I '129. 10.
I 133. 12.9
, 140. 14.

14*. 14,9
i UO. 19,
! 100. 15.
1 . 2*0, 15.

CIKC.2
I* 10 122. 202. 122. 257. 0. 7.5 0. 0,

AR30I27I*
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PROFIL 'SECT 1 DRAINED CASE, LSP
') 27 11

122. 10, 133. 15. I
133. 15. 142. 20, I

> 142. 20, 190, 29, 1
150, 25. 194,5 30. 1
154,9 30. 1*3. 35. 1
1*3. IS. 172. 40. 1
172. 40. 162. 45. 1
182. 45. 1*4. 46. 1 '

' 194. 4*. 210. 45. I
210. 45. 232. 42. 2
232. 42. 2*0. 49. 2

: > .209. 44. 210. 49. 2
194. 49. 209. 44. 2
184. 44. 194. 49. 2

.,..> 174. 40. 114. 44. 2
i. 15*.S 30. 174. 40. 2
r*J 192. 25. 15*.S 30. 2
*W 144, 1*.9 192. 29. 2

134. 13.9 144. If.i 2
129. 10. 134, 13,5 2

iiiii* 209. 3*. 2*0. 3*. 3
209. 3*. 229. 1*. 2
17*. 1*. 229, U, S

> 17*. It. 162. 10. 2
122. 10. 129. 10. 4
129. 10. 162. 10, 4

•> 182. 10. 2*0. 10. 4
SOIL
4

' 12*. 130, 0. 3*. 0/0. 0
97, 104. 0. 39. 0. 0. 0
89, 89, 0. 37. 0. 0. 0

> 1*0. 1*0. 1*0000, 30. 0. 0, 0
HATER
1 0.
7
129. 10.
133. 12.9
140. 14.
146. 14.9
1*0. 19.

> 180. 19.
2*0. 19.
CIRCL2
It 10 122. 202. 122. 257, 0. 7.5 0. 0.

AR3GI276
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PROFIL
SECT 26 CASE1 DRAINED L8P
37 a
130. 181. 145. 190. 3
145. 190. 209. 230. 3
209. 230. 221, 231. 3
221. 231, 22*. 232.
22*. 232. 239. 240,
239. 240. 244. 241.
244. 241. 288. 243.
288. 243. 378. 244.
224. 230. 22*. 232.
301. 235. 380. 232.5
224. 230. 301. 235.
211. 229. 224. 230.
204. 225., 211. 229.
195. 220. 204. 225.
It*. 215. 195. 220.
180. 210. 18*. 219.
179. 209. 180. 210.
1*5. 200. 175. 205.
195. 195. 1*9. 200.
190. 190. 195. 195,
140. 189. 190. 190.
134. 181. 140. 165.
224, 230. 290. 209.
224, 209. 290. 209.
224. 209. 234. 199.
20*. 199. 23*. 199.
20*. 199. 218. 169.
191. 189. 218. 189.
191. 189. 201. 181.
130. 181. 134. 161.
134. 181. 140. 161.
140. 181, 179. 181,
175. 181. 201. 161.
201. 181. 238, 182.
238, 182. 270. 163,
270. 183. 298. 163.
296. 183. 360, 183,
SOIL
9
71. 76. 0. 44, 0, 0. 0
89. 89. 0. 37. 0, 0. 0
123. 127,9 0. 33, 0. 0. 0
106. 115. 0, 40. 0, 0, 0
0, 0. 1*00000. 30. 0. 0, 0
CIRCL2
32 10 130. 210. 180. 2*0, 171. 30. 0, 0,

Q AR30I278
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WOFIL.
SECT 2B CASE1 DRAINED LSP
37 B
130. IBI. 149. 190.
149. 1*0. 209. 230.
20*. 230. 221. 231.
321. 231. 22*. 232.
22*. 232. 23V. 240.
239. 240. 244. 241.
244. 241. 288. 243.
288. 243. 371. 244.
224. 230. 22*. 232.
301. 239. 380. 232.9
224. 230. 301. 239.
211. 22*. 224. 230.
204. 229, 211. 22*.
1*9. 220. 204. 229.
II*. 219. 1*9. 220.
180. 210. IN. 219.
179. 209. 180. 210.
1*9. 200, 179. 209.
199. 1*9. 1*9. 200.
190. 1*0. 199. 1*9.
140. 183. 190. 1*0.
134. 181. 140. 189.
224. 230. 290. 20*.
224. 20*. 290. 20*. 2
224. 20*. 23*. I**. 4
20*. I**. 23*. 19*. 2
20*. 1**. 218. 189. 4
1*1. 18*. 218. 189. 2
1*1. IB*. 201. 181. 4
130. IBI. 134. IBI. 9
134. 181. 140. 181. 9
140. IBI. 179. 181. 9
179. 181. 201. IBI. 9
201. 181. 231. 182. 9
238. 182. 270. 183. 9
270. 183. 298. 183. 9
2*8. 183. 380. 183. 9
SOIL
9
VI. 7*. 0. 44. 0. 0. 0
Bt, 89. 0. 37. 0. 0. 0
123. 127.9 0. 33. 0. 0. 0
108. 119. 0. 40. 0. 0. 0
0, 0. 1*OOOOO. 30, 0. 0, 0
CIRCL2
24 10 130. 299. 130. 379. 171. 19.79 0. 0.
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•/IV
PROFIL
SECT 28 CA8E 2 DRAINED LSP
4ft B
130. 181. 149. 1*0. 3
145. 190. 209. 230. 3
20*. 230. 221. 231. 3
221. 231. 22*. 232. 3
22*. 232. 239. 240. 1
239. 240. 244. 241. 1
244. 241. 288. 243. 1
268. 243. 376. 244. 1
224. 230. 22*. 232. 1
301. 235., 3(0. 232.5 2
224. 230. 301. 235.
211. 229. 224. 230.
204. 223. 211. 229.
195. 220. 204. 229.
18*. 215. 195. 220.
180. 210. 16*. 215.
175. 209. 180. 210.
1*9. 200. 179. 205.
155. 1*5. 1*9. 200.
150. 1*0. 195. 1*5.
140. 185. 150. 1*0.
134. 161. 140. 185.
224. 230. 236. 219.
213. 219. 238. 219.
213. 219. 224. 209.
193. 209. 224. 209.
193. 209. 20*. 1*9.
179. 199. 20*. 1*9.
17*. 1*9. 191. IB9.
1*4. 18*. 1*1. 189.
1*4. 189, 179. 181.
238, 219. 290. 209.

• 224. 209. 290. 209.
224. 209. 23*. 1*9.
20*. 199. 23*. 1*9.
20*. 199. 218. 189.
191. 169. 216. 189.
1*1. 169. 201. 181.
130. 161. 134. 181.
134. 161. 140. 181.
140. 181. 179. 181.
175. 181. 201. 181.
201, 181. 238. 182.
238. in. 270. 183.
270. 183. 298. 183.
298. 113. 3(0. 183.
SOIL
t
71. 74. 0. 44. 0. 0. 0
(9. I*. 0. 37, 0. 0. 0
123. 127.5 0. 33. 0. 0. 0
108. 115. 0, 40. 0. 0. 0
97. 104. 0. 39. 0, 0. 0
1*0. 1*0. 1*00000. 30. 0.0, 0
CIRCL2
25 10 130, 295. 130. 379, 171. 19. 0. 0. D-8
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it it due to tubttandand colon on condition oi tkt oniginat page.



P Y-AXlIQ
181, 212. 244. 275. 536.i____i____i____i____i

j
L

X
t->

I -

CD.

D-9

z

Q v. P" AR301282

_tkt pagt filmed in tkit frame it not at __„__„_......„___„__,_.„
tabtt, it 4,t due to tubttandand colon on condition oi tkt oniginal page.



1

r

PROFIL
SECT 28 CASE 3 DRAINED L9P37 a
130. IBI. 143. 190. 3
143. 190, 209, 230. 3
209. 230. 221. 231. 3
221. 231.-22*. 232. 3
22*. 232. 23*. 240. 1
23*. 240. 244. 241. 1
244. 241. 288. 243. 1
2(8. 243. 178. 244. 1
224. 230. 22*. 232. 1
301. 233. 380. 232.3 2
224. 230.' 301. 235. 2
211. 22*. 224. 230. 4
204. 225. 211. 22*. 4
195. 220. 204. 225. 4
IB*. 215. 1*5. 220. 4
1(0. 210. 1(4. 219.
175. 205. 180. 210.
1*5. 200. 175. 209.
155. 1*5. 1*5. 200.
150. 1*0. 155. 1*5.
140. 185. 150. 1*0.
134. 181. 140. 1(9.
224. 230. 250. 209.
224. 209. 250. 209. 2
224. 209. 234. 1*9. 4
204. 199. 234. 199. 2
204. 1*9. 216. 169. 4
191. 189. 218. 169. 2
191. 189. 201. 181. 4
130. 181. 134, 181. 5
134. 181. 140. 181.
140. 1(1. 175. 1(1.
173. 1(1. 201. 1(1.
201, 1(1. 238. 1(2.
238. 1(2. 270. 183.
270. 183. 2*8. 163.
2*6. 183. 3(0. 183.
SOIL
5
71. 74. 0. 44. 0, 0, 0
8*. 89. 0. 37. 0, 0, 0
123. 127.5 0. 33. 0, 0, 0
97. 104. 0. 3*. 0. 0. 0
140. 1*0. 14000000. 30, 0. 0. 0
CIRCL2
25 10 130. 255. 130. 379. 171. 15. 9. 0,
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71. 74, 500. 0. 0. 0. 0
6*. (f, 440. 0. 0. 0, 0
124. 130. 0. 34. 0. 0. 0
IM. US. 0. 40. 0. 0. 0
140. 1*0. 1400000. 30. 0. 0. 0
CIRCL2
29 10 130. 295. 130. 379. 171. 19. 0. 0.
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PROFSL I
SECT 28 CASE 1 UNDRAINED LSP i / *-
37 8 \||it/
130. 181. 149. 190. 3
149. 1*0. 209. 230. 3
209, 230. 221. 231.. 3
221. 231. 224. 232i 3
22*. 232. 239. 240. 1
239. 240. 244. 241. 1
244. 241. 26*. 243. 1
268. 243. 37(. 244. 1
224. 230. 22*.'232. 1
301. 233. 3(0. 232.9 2
224. 230. Ml. 239. 2
211. 22*. 234. 230. 4
204. 229.'211. 22*. 4
1*5. 220, 204. 229. 4
18*. 219. 1*9. 220. 4
1(0. .210. 18*. 219. 4
175. 205. 180. 210. 4
1*5. 200. 175. 205. 4
155. 195. 145. 200. 4
150. 190. 159. 1*9. 4
140. 1(5. 150. 1*0. 4
134. 1(1. 140. 1(5. 4
224. 230. 250. 20*. 4
224. 20*. 250. 20*. 2
224. 20*. 234. 1*9. 4
20*. 1**. 23*. I**. 2
204. 1**. 216. 169. 4
191. 16*. 218. 18*. 2
1*1. 16*. 201. 161. 4
130. 161. 134. 181. 3
134. 161. 140. 181. S
140. 161. 175. 181. 5
175. 161. 201. 181. S
201. 161. 238. 182. 5
236. 162. 270. 1(3. S
270. 163. 2*6, 163. 5
298. 163. 3(0. 1(3. 5
SOIL

r
i
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PROFIL
SECT 26 CA3E1 DRAINED LSP
37 8
130. 161, 145. 1*0,
145, 1*0, 209. 230.
209. 230, 221. 231.
221. 231. 22*. 232.
22*. 232, 239. 240.
23*. 240, 244. 241.
244. 241. 268. 243.
2M. 243. 378. 244.
224. 230, 22*. 232.
301. 233. 3(0. 232.5
224. 230.' 301. 213.
211. 22*. 224. 230.
204. 223. 211. 229.
195. 220. 204. 229.
18*. 215. 1*5. 220.
1(0. 210, 16*. 215,
175. 205, 180. 210.
1*5. 200. 175. 205.
155. 1*5. 1*5. 200.
150. 1*0, 155. l*5y
140. US.-MIÛ Mtf.
134. 1(1. 140. 189.
224. 230, 250. 209.
224. 20*. 290. 209.
224. 20*. 23*. 199.
20*. 19*. 23*. 1*9.
20*. 19*. 218. 189.
191. 1(9. 218. 189.
1*1. 18*. 201. 181.
130, 161. 134. 181.
134. 1(1. 140. 181.
140. 1(1. 175. 1(1.
175. 1(1. 201. 1(1.
201. 1(1. 236. 1(2.
23*. 1(2. 270. 183.
270. 1(3. 29*. 183.
2*8. 183. 3(0. 1(3.
SOIL
5
71. 7*. 0. 44. 0. 0, 0
(9. (*. 0. 37. 0. 0, 0
123. 127.5 0. 33. 0. 0. 0
108. 115. 0. 40. 0. 0. 0
1*0. 1*0. 1*00000. 30. 0, 0. 0
CIRCL2
25 10 130. 235. 130, 375. 171. IS. 0. 0.
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PROFIL \\v
SECT 26 CASE 2 UNDRAINCD LSP44 a
130. 181. 145. 1*0. 3
145. 190. 20*. 230, 3
209. 230.' 221. 231. 3
221. 231. 224. 232. 3
22*. 232. 239. 240. 1
239. 240. 244. 241. 1
244. 241. 288. 243. 1
286. 243. 378. 244. 1
224. 230. 22*. 232. 1
301. 235. 380. 232.5 2
224. 230.' 301. 235. 2
211. 22*. 224. 230. 4
204. 225. 211. 22*. 4
1*5. 220. 204. 225. 4
16*. 215. 1*5. 220. 4
160. 210. 18*. 215. 4
175. 205, 180, 210. 4
1*5. 200. 179. 209. 4 "
155. 1*5. 1*5. 200, 4
150. 1*0. 155. 1*5. 4
140. 185. 190. 1*0. 4
134. 181. 140. 185. 4
224. 230. 236. 21*. 4
213. 21*. 238. 21*. 5
213. 219. 224. 209. 4
1*3. 20*. 224. 209. 5
1*3. 209. 20*. 1*9. 4
179. 199. 204. 199. S
179. 199. 1*1. ia*. 4
1*4. 189. 1*1. 189. S
1*4. 189, 175. 181. 4
236. 219. 250. 20*. 9
224. 20*. 250. 209. 2
224. 209, 23*. 19*. 5
20*. 19*. 23*. 1*9, 2
20*. 199, 218. 1B9. 5
1*1. IB*. 216. 189. 2
191. 169. 201. 181. 5
130. 181. 134. 181. *
134. 1*1. 140. 181. 4
140. 181. 179. IBI. t
175. 181, 201. 181. 4
201. 161. 236. 182. 4
238. 182. 270. 183. *
270. 1(3. 296. 1(3. *
2**. 1*3. MO. 1(3. «
SOIL
*
71. 76. 500. 0. 0. 0. 0 f~-
Bf. (9. 4*0. 0. 0, 0. 0 ; \)
12*. 130. 0. 34. 0. 0. 0 I
10*. 113. 0. 40, 0. 0. 0 ] I
97. 104. 230. 20. 0. 0. 0
1*0. 1*0. 1*00000. 30. 0. 0, 0
CIRCL2
25 10 130. 299. 130. 375. 171. 15, 0. 0, D-16
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\\\v
PROFIL
SECT 28 CASE 3 UNDRAINED LSP
37 a
130, 181, 145. 190, 3
145. 190. 209. 230. 3
209, 230, 221. 231. 3
221. 231. 22*. 232, 3
22*. 232. 239. 240. 1
239. 240. 244. 241. 1
244. 241. 268. 243. 1
268. 243. 378. 244. 1
224. 230. 22*. 232. 1
301. 233.. 360, 232,5 2
224, 230, 301. 235, 2
211. 229. 224. 230, 4
204. 223. 211. 22*. 4
195. 220. 204. 225, 4 '
IM. 215. 195. 220. 4
160. 210. 16*. 219. 4
179. 205. 180. 210, 4
1*9. 200. 175. 205. 4
195, 199. 1*9. 200. 4
150. 190. 199. 195, 4
140. 185, 190. 190, 4
134. 181, MO. 185, 4
224. 230, 290. 209, 4
224. 209. 290. 209, 2
224. 209, 236. 199, 4
204, 199. 236, 199, 2
206. 199. 218. 189. 4
191, 169. 218. 169. 2
191. 169, 201, 161, 4
130, 161. 134. 1(1. 3
134. 161. 140, 181, S
140. 181. 175, 181, 5
175. 181. 201. 181, 5
201, 181. 236, 162, S
236, 162. 270, 1(3, S
270. 183. 298, 183, S
296, 183. 360. 163, 9
SOIL
5
71. 7*. 500, 0, 0. 0, 0
69. (9. 4*0. 0. 0. 0. 0
12*. 130, 0, 3*. 0, 0. 0
97, 104, 230. 20. 0, 0. 0
1*0. 1*0, 1600000. 30. 0. 0. 0
CIRCL2
29 10 130. 299. 130, 375, 171. 19. 0. 0.
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PROFIL.
I SECT 2B CASE 2 DRAINED LSP

4*8
I 130. 161. 149, 1*0. 3

149. 1*0. 209. 230. 3
20*. 230. 221, 231. 3
221. 231. 22*. 232. 3
226. 232. 23*. 240. 1
239. 240. 244. 241. I
244. 241. 288. 243. I
288. 243. 378. 244. I
224. 230. 22*. 232. I
301. 239. 380. 232.5 2
224. 230. 301. 235. 2
211. 22*. 224. 230. 4

1 2 0 4 . 229. 211. 229. 4
199. 220. 204. 229. 4
IB*. 219. 1*9. 220. 4
190. 210. 18*. 219. 4

_. 179. 209. IRQ. 210. 4
I, 1*9. 200. 179. 209. 4
f*J 199.' 1*9. 1*9. 200. 4
f̂ ISO. 1*0, 199. 1*9. 4

140. 189. 190. 1*0. 4
|-" 134. 181. 140. 189. 4

! giijji- 224. 230. 238. 219. 4
" [. ! 213. 21*. 238. 21*. 9

213. 21*. 224. 209. 4
1*3. 209. 224. 209. 9

I 1*3. 20*. 20*. I**. 4
17*. 1**. 20*. 1*9. 9

I 17*. 1*9. 1*1. IB*. 4
1*4. 189. 1*1. 189. 9
1*4. 189. 173. 181. 4

I 238. 21*. 290. 209, 9
) 224. 20*. 290. 20*. 2
1 224. 20*. 23*. I**. 9

20*. I**. 23*. 1*9. 2
, 20*. 179. 21*. IB*. 9

1*1. 189. 218. 189. 2
191. 189. 201. IBI.
130. 181. 134. 181.
134. 181. 140. 181.

, 140. 181. ITS. 181.
ITS. IBI. 201. 181.

! 201. 181. 23(. 182.
238. 182. 270. 183.
370. 1B3, 2*8. IB3. 6
298. 183. 380. 183. *

> SOIL
1 *

71. 7*. 0. 44. 0. 0. 0
B*. 89. 0. 37. 0. 0. 0
123. 127.9 0. 33. 0. 0. 0
108. 119. 0. 40. 0. 0. 0
97. 104. 0. 3*. 0.0, 0

Q
24 10 130. 259. 130. 379. 171. 19.79 0. 0.
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PROFIL
SECT 2B CASE 3 DRAINED LSP
37 a
ISO. 1BI. 149. 1*0. 3
149. 1*0. 20*. 230, 3
20*. 230. 221. 231. 3
221. 231. 22*. 232. 3
22*. 232. 23*. 240. I
23*. 240. 244. 241. 1
244. 241. 288. 243. 1
288. 243. STB. 244. 1
224. 230. 22*. 232. I
301. 239. 380. 232.9 2
224. 230. 301. 239. 2
211. 22*. 224. 230.
204. 229. 211. 22*.
1*9. 220. 204. 229.
18*. 2ia. 1*9. 220.
180. 210. 18*. 219.
179. 209. 180. 210.
1*9. 200. 179. 209.
199. 1*9. 1*9. 200.
190. 1*0. 199. 1*9.
140. 189. 190. 1*0.
134. 181. 140. 189.
224. 230. 290. 20*.
224. 20*. 290. 20*.
224. 20*. 23*. I**.
20*. I**. 23*. I**.
20*. I**. 218. 18*.
1*1. IB*. 218. IB*.
1*1. 18*. 201. 181.
130. 181. 134. 181.
134.. 181. 140. IBI.
140. 181..179. IBI.
179. IBI. 201. 181.
201. IBI. 238. 182.
238. 182. 270. 183.
270. 183. 2*8. 183.
2*8. 183. 380. 183.
BOIL
9
71. 7*. 0. 44. 0. 0. 0
8*. 8*. 0. 37. 0. 0, 0
123. 127.9 0. 33. 0. 0. 0
*7. 104. 0. 3*. 0. 0. 0
0. 0. 1*00000. 30. 0. 0. 0
CIRCL2
24 10 130. 299. 130. 379. 171. 19.79 0. 0.
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I
PROflL
SECTION 2B CASE i
37 9
130. 181. MS. 190. 3
143. 190. 209. 230. 3 f>
209. 230. 221. 231. 3 "'f.:
221. 231. 226. 232. 3 .
226. 232. 239. 240
239. 240. 244. 241
244. 241. 288. 243
288. 243. 378. 244
224. 230. 226. 232
301. 233. 380. 232.5 2
224. 230. 301. 235. 2
211. 229. 224. 230. 4
204. 225. 211. 229. 4
195. 220. 204. 225. 4
186. 219. 195. 220. 4
180. 210, 186. 213. 4
175. 205. 180. 210. 4
165. 200. 175. 205. 4
155. 195. 165. 200. 4
150. 190. 155. 195. 4
140. 185. ISO. 190. 4
134. 181. 140. 185. 4
224. 230. 250. 209. 4
224. 209. 250. 209. 2
224. 209. 236. 199. 4
206. 199. 236. 199. 2
206. 199. 218. 189. 4
191. 189. 218. 189. 2
191. 189. 201. 181. 4
130. 181. 134. 181. 3
134. 181. 140. 181. 3
140. 181. 173. 181. 3
175. 181. 201. 181. 5 -I:
201. 181. 238. 182. 3 f
238. 182. 270. 183. 5 •>
270. 183. 298. 183. 3
298. 183. 380. 183. 5 f
SO"- 11

500. 0. 0. 0. 0 r.
460. 0. 0. 0. 0 I

130. 0. 36. 0. 0. 0 L
115. 0. 40. 0. 0.. 0
9999999. 9999999. 0. 0. 0 (

LRCL2 \
10 130. 233. 130. 375. 171. 15.75 0. 0.
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PROFIL
SECTION 2B CASE 2
46 8
130. 181. 145. 190. 3
145. 190. 209. 230. 3
209. 230. 221. 231. 3
221. 231. 226. 232. 3
226. 232. 239. 240
239. 240. 244. 241.
244. 241. 288. 243
288. 243. 378. 244
224. 230. 226. 232
301. 233. 380. 232.3 2
224. 230. 301. 235. 2
211. 229. 224. 230. 4
204. 225. 211. 229. 4
193. 220. 204. 225. 4
186. 215. 195. 220. 4
180. 210. 186. 213. 4
175. 205. 180. 210. 4
163. 200. 175. 205. 4
155. 193. 163. 200. 4
150. 190. 155. 195. 4 f
140. 183. 150. 190. 4 I,
134. 181. 140. 183. 4
224. 230. 238. 219. 4
213. 219. 238. 219. 5
213. 219. 224. 209. 4
193. 209. 224. 209. 5
193. 209. 206. 199. 4
179. 199. 206. 199. S
179. 199. 191. 189. 4
164. 189. 191. 189. 3
164. 189. 173. 181. 4
238. 219. 250. 209. 5
224. 209. 250. 209. 2
224. 209. 236. 199. 5
206. 199. 236. 199. 2
206. 199. 218. 189. 5
191. 189.. 218. 189. 2
191. 189. 201. 181. 5
130. 181. 134. 181. 6
134. 181. 140. 181. 6
140. 181. 175. 181. 6
173. 181. 201. 181. 6
201. 181. 238. 182. 6
238. 182. 270. 183. 6
270. 183. 298. 183. 6
298. 183. 380. 183. 6
SOIL
6
71. 76. 300. 0. 0. 0. 0
89. 89. 460. 0. 0. 0. 0
126. 130. 0. 36. 0. 0. 0
108. 115. 0. 40. 0. 0. 0
97. 104. 230. 20. 0. 0. 0
1. 1. 999999. 999999. 0. 0. 0 nponi
CIRCL2 H HO III
49 10 130. 255. 130. 37S. 171. 13.75 0. 0.
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PROFIL " *' ' ' n
SECTION 28 CASE 3 -*,
37 8 I,*
130. 181. 149. 190. 3 I.
149. 190. 209. 230. 3 . x̂
209. 230. 221. 231. 3 L,"
221. 231. 226. 232. 3 \
226. 232. 239. 240. 1
239. 240. 244. 241. 1 f
244. 241. 288. 243. 1 I
288. 243. 378. 244. 1 '
224. 230. 226. 232. 1
301. 235. 380. 232.5 2
224. 230. 301. 233. 2
211. 229. 224. 230. 4
204. 225. 211. 229. 4
193. 220. 204. 223. 4
186. 215. 195. 220. 4
180. 210. 186. 213. 4
175. 205. 180. 210. 4
163. 200. 173. 203. 4
155. 195. 165. 200. 4
150. 190. 155. 195. 4 r-I
140. 185. 150. 190. 4 I
134. 181. 140. 183. 4 *"
224. 230. 250. 209. 4
224. 209. 250. 209. 2
224. 209. 236. 199. 4
206. 199. 236. 199. 2
206. 199. 218. 189. 4
191. 189. 218. 189. 2
191. 189. 201. 181. 4
130. 181. 134. 181. 5 ...
134. 181. 140. IBI. 5, p
140. 181. 173. 181. 3 H
ITS. 181. 201. 181. 9
201. 181. 238. 182. 9 f
238. 182. 270. 183. 9 I
270. 183. 298. 183. 9 v
298. 183. 380. 183. 5 ,x
SOIL I
9 V
71. 76. 500. 0. 0. 0. 0
89. 89. 460. 0. 0. 0. 0 f
126. 130. 0. 36. 0. 0. 0 I
97. 104. 230. 20. 0. 0. 0
1. 1. 999999. 999999. 0. 0. 0 .
CIRCL2
49 10 130. 255. 130. 375. 171. 15.75 0. 0. <
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PROFIL I,
SECTION 2B CASE 2 DRAINED
46 B ' /
130. 181. 143. 190. 3 ' V't
149. 190. 209. 230. 3 **
209. 230. 221. 231. 3 x-x,.
221. 231. 226. 232. 3 M!
226. 232. 239. 240.
239. 240. 244. 241.
244. 241. 288. 243.
2U8. 243. 378. 244.
224. 230. 226. 232.
301. 235. 380. 232.5 2
224. 230. 301. 233. 2
211. 229. 224. 230. 4
204. 225. 211. 229. 4
195. 220. 204. 225. 4
186. 215. 193. 220. 4
180. 210. 186. 213. 4
175. 209. 180. 210. 4
169. 200. 179. 205. 4
135. 193. 169. 200. 4
130. 190. 133. 193. 4
140. 183. ISO. 190. 4
134. 181". 140. IBS. 4
224. 230. 238. 219. 4
213. 219. 238. 219. 3
213. 219. 224. 209. 4
193. 209. 224. 209. 3
193. 209. 206. 199. 4
179. 199. 206. 199. 5
179. 199. 191. 1B9. 4
164. 189. 191. 189. 5
164. 189. 175. 181. 4
238. 219. 230. 209. S
224. 209. 250. 209. 2
224. 209. 236. 199. 9
206. 199. 236. 199. 2
206. 199. 218. 189. 9
191. 189. 218. 189. 2
191. 189. 201. 181. 9
130. 181. 134. 181. 6
134. 181. 140. 181. 6
140. 181. 175. 181. 6 ,
175. 181. 201. 181. 6 f
201. 181. 238. 182. 6 t
238. 182. 270. 103. 6
270. 183. 298. 183. 6
298. 183. 380. 183. 6
SOIL
6
69. 73. 0. 44. 0. 0. 0
89. 89. 0. 37. 0. 0. 0
123. 127.5 0. 33. 0. 0. 0
108. 113. 0. 40. 0. 0. 0
97. 104. 0. 39. 0. 0. 0
1. 1. 999999. 999999. 0. 0. 0 n D <•> n i n nr
CIRCL2 ' Hno01305
49 10 130. 233. 130. 373. 171. 19.79 0. 0.

I
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PROFIL
SECTION 2B CASE 3 DRAINED
37 a
130. 181. 145. 190. 3
143. 190. 209. 230. 3
209. 230. 221. 231.' 3
221. 231. 226. 232. 3 1
226. 232. 239. 240. 1
239. 240. 244. 241. 1
244. 241. 288. 243. 1
288. 243. 378. 244. 1
224. 230. 226. 232. 1
301. 233. 380. 232.3 2
224. 230. 301. 235. 2
211. 229. 224. 230. 4
204. 225. 211. 229. 4
195. 220. 204. 225. 4
186. 215. 195. 220. 4
.80. 210. 186. 215. 4
175. 205. 180. 210. 4
165. 200. 175. 205. 4
155. 193. 163. 200. 4
150. 190. 153. 193. 4
140. IBS. 150. 190. 4
134. 181, 140. 185. 4
224. 230. 290. 209. 4
224. 209. 250. 209. 2
224. 209. 236. 199. 4
206. 199. 236. 199. 2
206. 199. 218. 189. 4
191. 189. 218. 189. 2
191. 189. 201. 181. 4
130. 181. 134. 181. 5

'.'. 134. 181. 140. 181. 5
••••<' 140. 181. 175. 181. S

173. 181. 201. 181. 3
201. 181. 238. 182. 5
238. 182. 270. 183. 3
270. 183. 298. 183. 5
298. 183. 380. 183. 5
SOIL
5
69. 73. 0. 44. 0. 0. 0
89. 89. 0. 37. 0. 0. 0
123. 127.3 0. 33. 0. 0. 0
97. 104. 0. 39. 0. 0. 0
1. 1. 999999. 999999. 0. 0. 0
CIRCL.2
49 10 130. 235. 130. 375. 171. 15.75 0. 0.
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PROFIL
SECT 3A DRAINED CASE, LSP
43 20
1. 175. «. 177. 5
«. 177. 14. 178. 5
14.. 178. 95. 1*0. 5
95. 1BO. 103. 181. 4
103. 181. 111. 183. 4
111. 183. 118. 185.5 4
118. 185.5 123. 1*8. 4
123. 1BB. 131. 191. 4
131, 1*1. 140. 1*7.5 4
140. 1*7.3 148. 203, 4
148. 203. 153. 20*. 4
153. 20B. 1*1. 213. 4
1*1. 213. 1*8. 21*. 4
IM. 21*. 17*. 21*. 4
17*. 21*. 184. 218. 4
184. 218. 201. 230. 2
201. 230., 21*. 235. 2
21*. 235. 220. 234. 2
220. 234. 2*8. 23*. 2
2*8. 23*. 2M. 23*. 2
1*1. 213.5 184, 218. 2
178. 215, 181. 215.5 1
1*4. 215. 17*. 215.

,.,,,, 15*. 210. 1*4. 215.
'•'''' 132. 205. 19*. 210.

147. 200. 152. 205.
. 138. 195. 147. 200.

130. 189.5 138. 191. 1
122. 18*. 130. 189.5 1

. 118, 184. 122. 18*. I
10*. 181. 118. 184. 1
100. 180. 10*. 181. 1

' . *5. 180. 100. 1*0, 5
70. 170. 100. 180. 1
181. 215.5 187. 20*. 1

, 187. 20*. 21*. 225. «
21*. 225. 28*. 22*. *
187. 20*. 1*0. 207. 1

, 1*0. 207. 205. 202. 3
205. 202. 225. 200. 3
225. £00, 247. 1*1. 3

. 247. 19*. 2*1. 201. 3
1*0. 207. 212. 1*9. 1
SOIL

, *
10*. 113. 0. 40. 0. 0. 0
71. 7*. 0. 44. 0. 0, 0

. 89. 89. 0. 37, 0, 0. 0
12*. 130. 0. 3*. 0. 0. 0
12*. 130. 0. 3*. 0. 0. 0

. 84. 83. 0, 44, 0. 0. 0
LIMITS
2 2

j 0. 1*9. 212. 1*9.
-T 212. 1*9. 2*0, 1*9212. 1*9. 2*0. 1*9. fl n r.. n , o _CMCL2 M n o 0 ; 3 0 8* I o U U25 10 3«. 22*. 3*. 2*4. IS9. 15, 0, 0
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PROFIL
SECT 3A UNDHAINEO CASE, LSP
40 20
1. 175. 4. 177. 5
6. 177. 14. 178. 5
14. 178. 95. 180. S
99. ISO. 103. 181. 4
103. 181. 111. 183. 4
111. 183. 118. 189.5 4
US. 185.5 123. IBS. 4
123. 18*. 131. 1*1. 4
131. 1*1. 140. 1*7.5 4
140. 1*7.5 148. 203. 4
148. 203.' 153. 208. 4
153. 208. 1*1. 213. 4
1*1. 213. IM. 21*. 4
IM. 214. 17*. 214. 4
178. 214. 184. 218. 4
1*4. 218. 201. 230. 2
201. 230. 21*. 235. 2
21*. 239. 220. 234. 2
220. 234. 2M. 23*. 2
24*. 234. 2*4. 23*. 2
181. 215.5 184. 218, 2
178. 215. 181. 215.5 1
144. 215. 178. 215. I

i 199, 210. 1*4. 215. 1
192. 205. 159. 210. 1
147. 200. 152. 205. 1

> 138, 1*5. 147. 200. 1
130. 189.5 138, 1*5. 1
122. 184. 130. 119.5 1

> 118. 184. 122. IB*, 1
109. 181. 118. 184. 1
100. 180. 109. 181. 1

, 99. 180. 100. 180. 5
1 70. 170. 100. 1*0. 1

181. 213.5 190. 207. 1
i 1*0. 207. 205. 202, S

205. 202, 225. 200, 3
229. 200. 247. 199. 3

i 247. 199. 291. 203. 3
190. 207. 212. 169, 1
SOIL

, 9
10*. 119. 0. 40. 0. 0. 0
71. 74. 900. 0. 0, 0. 0

l 89. Bf. 4*0, 0, 0. 0. 0
12*. 130. 0, 34. 0. 0, 0
124. 130. 0. 34. 0. 0. 0
LIMITS

O 2 *>• 0. 149. 212, 149,
, 1 212. 14*. 290. 169. ,
' CIRCL2

25 10 34. 226. 36. 286. 15*. 19. 0, 0.
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PROFIL
SECTION 38 CASE 1 DRAINED, LSP
45 13
30. 181, 44, 182. 1
44. 182. BS. 183, 1
85. 183. 97. 183.9 1
97. 183,9 173. 235.5 1
173. 233.5 182. 237.5 1
182. 237.5 224. 239. 1
224. 239. 237, 240. 1
237. 240. 248. 242. 2
248. 242. 258. 243. 2
258. 243. 2M. 243. 2
2M. 245. 275. 248. 2
275. 248. 292. 24*. 2
292. 24*.'320. 249. 2
230. 237.5 237. 240. 2
223. 237. 230. 237.3 2
202. 237. 223. 237. 3
180. 23*. 202. 237. 3
173. 233. 1*0. 234. 3
1*0. 225. 175. 239. 3
14*. 215.5 1*0. 225. 3
132, 204, 14*. 219.5 3
113, 194. 132. 20*. 3
100. 1*4. 119. 194. 3
97. 183.3 100. 184. 1
92. 178. 100. 1*4. 3
223. 237. 232. 228. .1
273. 237. 320. 234. 5
232. 228. 273. 237. S
232, 228. 244. 214.9 3
203. 214. 244. 214.5 4
205. 214. 215. SOS. 3
IBS. 204. 215. 203. 4
1*5, 204. 19*. 192. 3
164. 1*1.5 196. 192. 4
164, 191.5 1BO. 178. 3
244, 214.5 264. 213, 4
244, 213, 30*. 209. 4
30, 178, 44. 178. 5
44. 178. BO. 178. 9
80. 17*. 145. 17*. 5
145. 17*. ISO. 17*.
1*0. 17*. 210. 177.
210, 177. 240. 17*.
240. 178. 210. 179.
2*0. 179. 295, 179.
SOIL
4
124. 130. 0. 34, 0, 0. 0 n r) r, f-| 1 <J I I)
71. 76. 0. 44. 0. 0. 0 All 0 U 1 0 I f.
101. 115. 0. 40. 0. 0. 0
19. B9. 0. 37. 0. 0, 0
1*0. 1*0. 1400000. 30. 0. 0. 0
84. IS. 0. 44. 0, 0. 0
CIRCL2
29 1C 30. 2*9. 30. 320, 148. 17. 0. 0. ,
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PROFIL
SECTION 38 CASE 2 DRAINED, LSP
51 13
30. 181, 44. 1*2. 3
44. 182. 85. 183. 3
85. 183. 97. 183.9 3
97. 183.9 173. 235.5 1
173. 233,5 182. 237,5 1
182. 237.5 224. 239, 1
224. 239. 237. 240. 1
237, 240, 248, 242. 2
248. 242. 258, 243. 2
258. 243. 2M. 243. 2
2M. 245. 275. 248. 2
275. 248. 292. 246. 2
292. 244. 320, 249. 2
230, 237.3 237.-240. 2
223. 237. 230. 237.3 2
202. 237. 223. 237. 4
1*0. 234. 202. 237. 4
179. 235. 1*0. 236. 3
140, 225. 175, 235. 3
14*. 215.3 1*0. 225. 3
132, 206. 14*. 213.5 3
115. 194. 132. 204. 3
100. 184.' 115. 194. 3
180. 234. 205. 214. 3
17*. 213. 203. 214. 4
17*. 213.' 1*5. 204. 3
ISO. 204. 115. 204. 4

V 150. 204. 1*4. 191.5 3
132. 191. 1*4. 191.3 4

;-•• 132. 191. 145. 171.
]&:. 223. 237. 232. 22*.
[:"] 273. 237. 320. 23*.
*• 232. 228. 273. 237.

232. 228. 244. 214.5
1 2 0 5 . 214. 244. 214.5

205. 214. 215. 205.
IBS. 204. 215. 209.
185. 204. 19*. 192.
164. 191.9 196. 192. 5

I' 164. 191.9 1*0. 178. 4
244, 214.9 266, 213. 5

I 266. 213. 309, 209. 5
97. 183.S 100. IB4. 3

, 30. 178. 44, 178. 6
44. 178. 80. 17*. 6
BO. 178. 145. 178. 6

1 145. 178. 110. 17*. 6
ISO. 178. 210. 177. 6 .

I 210. 177. 240, 178, 6
240, 178. 280.,179, 6

{ 2*0. 179. 29V. 179, 6
SOIL
7

| 126, 130. 0, 36. 0, 0. 0 '
J 71. 7*. 0. 44. 0, 0, 0
1 10*. 115. 0, 40, 0, 0. 0

97. 104, 0. 39, 0. 0, 0
89. 89. 0, 37. 0. 0. 0

\ 160, 160. 1*00000, 30. 0. 0, 0
84. 93, 0. 44. 0. 0. 0 A P 0 |"| ' O I I

1 C1RCL2 • H M 0 U | J I il
2)1 10 30. 289. 30, 320. 168. 17, 0, 0.
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PROFIL
SECTION 39 CASE 3 DRAINED, LSP
49 13
30. 181, 44. 182. 1
44. 182. 85. 183. 1
69. 183. 97. 183.3 1
97. 183.9 173. 235.5 1
173, 235.5 182. 237.3 1
182. 237.3 224. 239. 1
224. 239. 237. 240. 1
237, 240. 24B. 242. 2
248. 242. 298. 243. 2
298. 243. 2M. 245. 2
2M. 245. 275. 248. 2
275. 24*. 2*2. 24*. 2
292. 246. 320, 245, 2
230, 237.5 237. 240. 2
223. 237. 230. 237.3 2
202. 237. 223, 237. 3
1*0. 236. 202. 237. 3
175. 235. 180. 23*. 3
160, 229. 175, 235, 3
146, 219.9 160, 225, 3
132. 206. 14*. 215,5 3
115, 194. 132. 204. 3
100. 184. 119. 194.'3
97. 183.9 100. 1*4. 1
92, 178. 100, 1*4. 3
223, 237. 232. 228. 3
273, 237. 320. 23*, 5
232, 228. 273, 237, S
232. 22*. 244. 214.9 3
205, 214. 244. 214.9 4
205, 214. 219. 209, 3
185, 204. 219. 205, 4
189. 204. 1*6. 192. 3
164. 191.9 196. 192. 4
164. 191.9 180. 17*. 3
244, 214.9 266, 213, 4
266, 213. 309. 209. 4
30. 178. 44. 178, 9
44, 178, 80, 178, S
BO. 17B. 145, 178, 5
149, 17*. IBO. 17B. S
180. 178. 210. 177. 9
210, 177. 240. 178. 5
240, 178. 260. 179, 5
2*0. 179. 299, 179, 9
SOIL
6
126, 130. 0. 36, 0. 0. 0
71. 76, 0, 44. 0, 0. 0
97. 104, 0, 39. 0. 0. 0
89. «9. 0. 37. 0, 0. 0 n n r, n | Q I (•
160. 160. 1*00000. 30. 0. 0. 0 M It 0 U I 0 I 0
84. 13. 0. 44. 0. 0. 0
CIRCL2
29 10 30, 289. 30, 320. 148, 17. 0. 0,
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PROFIL /
SECT 38 UNDRAINEO CASE 1, LSP //2_
42 13 '
30. 1*1, 44, 182. 1
44. 182. 85. 183. 1
85. 183. 97. 183.9 1
97. 183.5 173. 233.5 1
173. 239.5 182. 237.3 1
182. 237.5 224. 23*. 1
224, 239, 237. 240. 1
237. 240. 248. 242. 2
248, 242. 258. 243. 2
258. 243. 2M. 249. 2
2M. 245. 275. 248. 2
275. 248. 2*2. 24*. 2
2*2. 24*. 320. 243. 2
230. 237.9 237. 240. 2
223. 237. 230. 237.5 2
202. 237. 223. 237.
180. 23*. 202. 237.
175. 235. 1*0. 23*.
1*0. 225. 175. 235.
14*. 215.5 1*0. 225
132. 20*. 14*. 215.
US. 1*4. 132. 20*.
100. i 184. 115. 194.
97, i*3.S 100. 114.
92. 08. 100. 184.
223. 237. 244. 214.
203. 214. 244. 214.
205. 214. 215. 209. 3
185. 204. 215. 205. 4
IBS. 204. 19*. 192. 3
1*4. 191.5 1**, 1*2. 4
144. 1*1.5 180. 178, 3
244. 214.5 2*4. 213. 4
244. 213, 30*. 209. 4
30, 178. 44. 178, 3
44, 178. BO. 178. 5
80. 178. 145. 178. 5
145, 178, 180. 17*.
180. 178. 210. 177.
210. 177. 240. 17*.
240. 178. 280. 179.
280. 179. 2*5. 17*.
SOIL ,
5
12*. 130. 0. 3*. 0, 0. 0
71. 7*. 900. 0, 0, 0, 0
108. 119. 0. 40. 0, 0. 0
«9. 89. 4*0. 0. 0. 0. 0
1*0. 1*0. 1*00004, 30, 0. 0, 0
CIRCL2 '
51 10 30, 2*5. 30. 320. IM. 17. 0. 0. AR30I3I8

D-45

H tkt pagt filmed in tkit frame i4 not a4 . . ^ .
label, <t 4.4 due to tubttandand colon on condition oi the oniginat page.



C.1
QT

So-*OJ „ . £_Q
M

£3Qi
Y-AXIS ..JV "

181. 217. 253. 200. 326, 362. *•l____i____i____i____i____i ()'

f

D-46

3*•: n_
0

•B|$ mi!q* P
T10^ g
ri^nl

X / \%. ^J£^
,m £w / ' «,;- "

r,
ITIm - U

mQ
AR30I3I9 O

Ij the page ̂ £wed in tkit frame it not at ntadablt..on Itgiblt.at -
label, it it due to AubAtandand colon on condition ot the oniginal page.



PROFIL //T,
< SKI 38 UHDRAINEO CASE 2, LSP " ̂

-t 48 13
30. 181. 44. 182. 3

I 44. 182. 85. 183'. 3
, BS. 183. 97. 183.9 3

' 97. 183.9 173. 235.5 1
173. 233.5 182. 237.5 1

,. , 182. 237.'5 224. 239. 1
224. 23*. 237. 240. 1

I 237. 240. 248. 242. 2
248. 242. 251*. 243. 2
258. 243. 2M. 243. 2

t 2 M , 249. 275. 24*. 2
) 275. 248. 2*2. 24*. 2

: 2*2. 24*., 320. 243. 2
.230. 237.5 237. 240. 2

_,i 223. 237. 230. 237.5 2
IS-. 202. 237. 223. 237. 4
I; ) 1*0. 23*. 202. 237. 4
*»»•' 175. 235. 180. 23*. 3 .

140. 225. 179. 235. 3
«"• 14*. 215.5 1*0. 225, 3 „
littti) 132. 20*. 14*. 213.5 3
R 113. 1*4. 132. 20*. 3

100. 184. 119. 1*4. 3
, 180. 23*. 205. 214. 3

t ! 7 6 . 213. 209, 214. 4
17*. 213. 185. 204. 3

> 150. 204. IBS. 204. 4
150. 204. 1*4. 1*1.5 3

... 132. 1*1. 1*4. 1*1.3 4
I ) 132. 1*1. 145. 17*. 3

223. 237. 244. 214.S 4
1 205. 214. 244. 214.5 9

> 205. 214. 215. 205. 4
1*5. 204. 219. 205. 5
1*5. 204. 1**. 1*2. 4

) 144. 1*1.5 I**. 192. 5
1*4, 1*1.5 100. 178. 4
244. 214.5 2**. 213. 5

\ ) 2**. 213. 30*. 209. 5
»7. 1*3.5 100. 184. 3

I 30. 178. 44. 178. *
, 44, 17*. 80. 178. *

80. 178. 145. 178, *
i 145. 17*. 1*0. 171. 6
I i 1*0. 17*. 210. 177. *

210. 177. 240. 171. *
240. 17*. 2*0. 179. 6

, > 2*0. 17*. 2*5. 179. *
SOIL

' i 12*. 130. 0. 3*. 0. 0. 0
,"-) 71. 7*. 500. 0. 0. 0. 0 fl R 0 0 I O 0 nW to*. 119. o. 40. o. o. o fill JU I JtU
! ) *7. 104. 230. 20. 0. 0. 0
! 89. 89. 4*0. 0. 0, 0. 0

1*0. 1*0. 1*00000. 30. 0. 0. 0
J CIRCL2

| 51 10 30. 2*3. 30, 320, IM. 17, 0. 0. 0-47

J>!L?5e t**3* *ilmtd. in P** <*«»' *•» not a4 ntadablt.j>*. legible at...tĥ Ilabel, 4.t 4.4 due to AubAtandand colon on condition oi tkt oniginal page!
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jl1!

PROFIL
SECT 3B UNDRAINED CASE 3, LSP
42 13
30, 181. 44, 1*2. 1
44. 1*2. 85. 183. 1
85. 183. 97. 183.5 1
97, 183.3 173, 235.5 1
173. 235.9 182. 237.5 1
182. 237.5 224. 239. 1
224. 23*. 237. 240, I
237. 240. 248. 242. 2
248. 242. 298. 243. 2
258. 243. 2M. 243. 2
2M. 245. 275. 248. 2
275. 248. 2*2. 24*. 2
2*2. 24*. 320. 245. 2
230. 237.3 237. 240. 2

> 223. 237. 230. 237.3 2
202. 237. 223. 237. 3.
1*0. 23*. 202. 237. 3
173. 235. 1*0. 23*. 3
1*0. 225. 175. 235. 3
14*. 215.5 1*0. 225. 3
132. 20*. 14*. 215.5 3
113, 1*4. 132. 20*. 3
100. 184. ilS. 1*4. 3
97. 183.9 100. 184. 1
92. 178. 100. 184. 3
223. 237. 244. 214.5 3
20S. 214. 244. 214.5 4
205, 214. 21S. 305. 3
185. 204. 215, 203. 4
185. 204. 196. 192. 3
1*4. 191.9 19*. 192. 4
1*4, 191.5 1*0. 178, 3
244, 214,5 266. 213. 4
266. 213, 309. 209. 4
30. 178. 44. 178. 3
44. 178. SO. 178, 5
80. 178. 145. 17*. 5
145, 17*. 180. 178. 5
180. 178. 210. 177. S
210. 177. 240. 178. 5
240, 178. 280. 179. 5
280, 179, 2*5. 17*. 5
SOIL
9
12*. 130, 0. 3*. 0, 0. 0
71. 76. 900. 0. 0. 0. 0
97, 104. 230, 20, 0. 0. 0
«*. t*. 440. 0. 0. 0. 0
1*0, 160. 1*00000. 30. 0, 0, 0

/1R30J32291 10 30. 285, 30, 320, IM. 17. 0. 0.
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P

I

PROFIL
SECT 4A PLANT PILE DRAINED CASE I
31 10
0, 165, 100. 170. S
100. 170, 119, 175. 4
119. 175, 131. 180. 4
131. 180. 153. 195. 4
153. 195, 145.9 205. 4
145.5 205. 209. 235. 4
209. 239. 217. 237.5 4
217. 237.9 225. 237. 4
223. 237. 373. 234. 4
373. 234. 553. 23*. 4
373. 23*. 993. 234. 2
240. 234. 373. 23*. 2

i 211, 23*.' 240, 23*.
20*. 233, 21*. 23*.

,) 202. 227. 209. 233.
S 18*. 21*. 202. 227.
} 171. 20*. 184. 21*.
•; 1*5.9 203. 171. 204.

15*. 194. 1*5.5 203.
140. 1*4. 158. 194.

.) 131. 178. 140. 184.
; 119. 173. 131. 178.

102. 170. 119. 173.
) 100. 170. 102. 170. '

240. 234. 240. 222.
2*0. 222. 520. 222.

, 240. 175. 2*0. 222.
102. 170. 203. 175.
203. 175. 240. 175.

I 240. 175. 350. 175.
350. 175. 520. 1*4.
SOIL

, 9
10*. 115. 0. 40. 0. 0. 0
4*. 75, 0, 44. 0. 0. 0

, 89. 89, 0, 37. 0. 0, 0
123, 127.5 0. 33. 0. 0. 0
1*0. 160. 1*00000. 30. 0. 0. 0

I CIRCL2
25 10 100. 229. 100, 500. 1*5. 16.3 0, 0.

1 '

^ An30l32*i
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t

PROFIL ,
SECT 4A PLANT PILE DRAINED CASE 2
41 10
0. 1*5. 100. 170. «
100. 170. 119. 175. 3
119. 175. 131. 1*0. S
131. 1*0. 153. 195. 5
153. 195. 1*5,5 205, 5
1*5.5 205. 209. 235. 5
209. 235. 217. 237.5 S
217. 237.5 225. 237. S i
225. 237. 373. 23*.
373. 23*. 393. 236,
373, 23*. 553. 234.
240, 23*. 373. 23*.
218, 23*., 240. 23*.
20*. 233. 218. 23*.
202. 227. 20*. 233.

blB*. 21*. 202. 227,
171. 20*. 18*. 21*.
1*5,5 203. 171. 20*.
158, 1*4. 1*5.9 203.
140. 1(4. 19*. 1*4.

L,i 131. 17*. 140. 184.
!'!'!' II*. 173. 131. 178.
1 102. 170. 11*. 173.
j 100, 170. 102. 170.

.... 240. 23*. 2*0. 222.
I 232. 222. 2*0. 222. 2
| . 2*0. 222. 520. 222. 3

232. 222. 248. 213. 1
220. 213. 248. 213. 2

( , 220, 213. 240, 202. 1
I 205, 202. 240, 202, 2
i .05. 202. 225, 1*2, 1

t IBS. 192. 225. 192. 2
IBS, 192. 210. 182. 1

I 180. 182. 210. 182. 2
180, 182. 203',' 173. 1

> 240, 175. 240, 222. 3
102. 170. 203, 173. 4

, > 203. 175. 240,' 175. 4
I 240. 175. 330, 173. 4

350, 179. 520. 14*. 4
' ) SOIL

6
108, US. 0. 40. 0. 0. 0
97. 104. 0. 39. 0. 0, 0

I 99. 89. 0. 37. 0. 0. 0
6*. 75. 0, 44, 0, 0. 0

, 123, 127.5 0. 33, 0. 0. 0
' 1*0. 1*0. 1*00000, 30, 0, 0, 0

CIRCL2
\ j 25 10 100. 225. 100. 500. 1*5. 16.3 0. 0. - n „ , . o n f
.,;.». ' Afl3 J 1 0-0
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PROFIL
SECT 4A PLANT PILE DRAINED CASE 3
31 10
0. 1*5. 100. 170. 5
100. 170. 119, 175, 4
119. 175. 131. 180. 4
131. 180. 153. 195. 4
153. 195. 1*5,5 205. 4
1*3.5 205. 209. 233, 4
20*. 235. 217. 237.5 4
217. 237.3 223. 237. 4
223. 237. 373. 23*. 4
373. 23*. 553. 23*. 4
373. 23*. 553, 234. 2
240. 23*. 373. 23*. 2
211. 23*., 240. 23*. 1
20*. 233. 218. 23*. 1
202. 227. 20*. 233. 1

iii IM. 21*. 202. 227.K) m. 20*. i**. 21*.
1*5.5 203. 171. 20*
19*. 1*4. 1*9.5 203
140. 1*4. 198. 1*4.

iiiit) 131. 178. 140. 184.
;>•' 11*. 173. 131. 178.

102. 170. II*. 173.
> 100. 170. 102. 170.

240. 23*. 240. 222.
2*0. 222. 520. 222.

- l 240. 175, 240, 222.
102. 170. 203. 173.
203. 175. 240, 175,

i 240. 175. 350. 175.
350. 179. 920, 144, 5
SOIL

> S
97. 104. 230. 20. 0. 0. 0
49. 75. 0. 44. 0. 0. 0

> 89. 8*. 0. 37. 0. 0. 0
123. 127.3 0. 33. 0, 0. 0
160. 1*0, 1*00000. 30. 0. 0, 0

i CIRCL2
25 10 100. 225. 100, 500, 1*5, 20, 0, 0

AR30I328
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PROFIL
SECT 4A PLANT PILE UNDRAINED CASE 1
31 10 I .
0. 165. 100. 170. 5 (/,„
100. 170. 119. 175. 4 V It-
119. 175. 131. 180. 4
131. 180. 153. 193. 4
153. 195. 1*5.5 205. 4
1*5.S 205. 209. 235. 4
209. 235. 217. 237.5 4
217. 237.3 223. 237. 4
22S. 237. 373. 23*. 4
373. 23*.' 553. 234. 4
373. 23*. 553. 234. 2
240. 23*. 373. 23*.
21*. 23*. 240. 23*.
20*. 233.' 218. 23*.
202. 227. 20*. 233.
18*. 21*. 202. 227.
171. 20*. IM. 21*.
1*5.5 203. 171. 20*.
15*. 1*4. 1*5.5 203.
140. 184. 158. 1*4.
131. 178. 140. 184.
11*. 173. 131, 178,
102. 170. 11*. 173,
100, 170. 102. 170.
240. 23*. 2*0. 222.
2(0. 222. 520. 222.
240. 17S. 2*0. 222.
102. 170. 203. 175.
203. 175. 240. 175.
240. 175. 350. 175.
330. 173. 320. 1*4.
SOIL
9
108. 115. 0. 40, 0, 0. 0
4*. 75. 500. 0. 0. 0, 0
8*. B*. 4*0. 0, 0. 0, 0
123. 127.5 0. 33. 0. 0, 0
1*0. 1*0. 1*000000. 30, 0. 0. 0
CIRCL2
23 10 100. 225. 100. 500. 1*5, 14,3 0. 0,

AR30I330
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PROFIL
SECT 4A PLANT PILE UNDRAINED CASE 2
41 10
0. 1*5. 100. 170, 6
100. 170, 119. 175. S i i
11*. 175. 131. 180. 9 '/ll'
131, 180. 153, 1*S. 5
193. 1*5. 145.5 209. t
145.9 205. 209. 235. S
209. 233. 217. 237.5 5
217. 237.9 225. 237. 5
225. 237. 373, 234. 5
373. 23*. 553. 234. S
373. 23*. 353. 234. 4
240. 23*. 373. 23*.
21*. 23*. 240. 23*.
20*. 233.' 21*. 23*.
202. 227. 20*. 233.
IM. 21*. 202. 227.
171. 20*. IM. 21*.
1*5.9 203. 171. 20*. I
158. 1*4. 1*5.5 203. I

, 140. 184. 158. 1*4. 1 ,
, 131. 178. 140, 184, I

I" II*. 173. 131. 178. 1
102. 170. 11*. 173. 1 ,

, 100. 170. 102. 170. 4
1 2 4 0 . 23*. 2*0. 222. 1

232. 222. 2*0, 222. 2
. 2*0. 222. 920, 222. 3

232. 222. 24*. 213, 1
220. 213. 248. 213. 2

, 220. 213. 240. 202. 1
203. 202. 240. 202. 2
205. 202. 225, 1*2. 1

j 1*5. 1*2. 225. 1*2. 2
1*5. 1*2. 210. 112. 1
1*0. 182. 210. 182. 2

, 1*0. 182. 203, 173. 1
240, 175, 2*0. 222. 3
102. I70>. 203, 175. *

, 203. 173. 240, 175. *
240. 179. 350, 175. *
390. 175. 920. I**. 6

j SOIL

108. 115. 0, 40. 0. 0. 0
, 97. 104. 230. 20. 0. 0. 0

8*. 89. 4*0. 0. 0. 0. 0
«*. 75. 500. 0. 0, 0, 0

, 123. 127.5 0. S3. 0. 0. 0
1*0. 1*0. 1*00000. 30. 0. 0. 0

, 23 10 100. 225. 100. 500. 165, 16.3 0, 0. All 30 j 332

i

•J
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PROFIL
SECT 4A PLANT PILE UNDRAINED CASE 3
31 10
0. 1*5. 100. 170. 9 , /
100. 170. II*. 175. 4 {(-V
11*. 175. 131. 180. 4
131. 180. 153. 1*9. 4
153. 1*5. 1*5.5 205. 4
1*5.5 205. 209. 235. 4
209. 239. 217. 237.5 4
217. 237.5 225. 237. 4
225. 237. 373. 23*. 4
373. 23*. 553. 23*. 4
373. 23*. 953. 234. 2
240, 23*. 373. 2M. 2
218. 23*. 240. 23*. 1
20*. 233. 211. 23*. 1
202. 227. 20*. 233. 1
IM. 21*. 202. 227. 1
171. 20*. IM. 21*. 1
1*5.5 203. 171. 20*. 1
15*. 1*4. 1*5.5 203, 1
140. 184. 158. 1*4.
131. 178. 140. 184.
II*. 173. 131. 171.
102. 170. II*. 173.
100. 170. 102. 170.
240. 23*. 260. 222.
260, 222. 520. 222.
240. 175. 2*0. 222.
102. 170. 203. 179.
203. 173. 240. 175.
240. 175. 350. 175.
390, 175, S20, 1*6.
SOIL
S
97, 104. 230. 20. 0. 0. 0
49. 75. 500, 0, 0, 0. 0
99. 89. 4*0. 0. 0, 0, 0
123, 127,5 0, 33. 0, 0. 0
1*0, 1*0, 1*00000, 30, 0, 0, 0
CIRCL2
25 10 100. 225. 100. 500. 149. 16.3 0. 0,

D-61
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,o

SECT 4D PLANT PILE CASEI DRAINED
28 a
0. 193. 100. ids. 5
100, 185. lit, SI3. 4
161. 211. 18?, 330. «
189. 230. 196. 235. 4
1?4. S3S, 207. 537. 4
307, 237, 242, 236,5 fl
342. 236.5 397. 376, 4
IB?. 236, 332, 234, 4
387. 236. 532. 235, 3
224. 235. 3B7. 236, 2
208. 233. 224. 235. 1
202, 233. 208. 235. I
189. 228, 202, 233, t
175, 219. 189. 228. 1
161. 211, 173, 219. 1
155. 208, 161, 211, 1
130.. 1*6,9 135, 208, 1
105. 184.3 130. 196.5 1
100. 185. 105. 1S4.5 S
224. 233, Z40. 232. 1
240. 222. 312. 222. 3
237. 217. 240. 222. 3
105. IS4.3 133. 184. S
133. 184, 216, 167. S
216. 167. 237. 217. 3
216. 167. 236. 166, 5
236. 166. 410. 175, S
410, 173. 570. 125, 5
SO!L
5
IPS. 115. 0. 40. 0. 0. 0
69. 75. 0. 44. 0. 0, 0
39, 89. 0, 37, 0. 0. 0
123, 127.3 0. 33. 0. 0, 0
0, 0. UOOOOO, 30, 0. 0. 0
CIRCL2 ' ' '
23 10 100. 210. 100. 900. 160. 13. 0. 0,

AR30I336
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p

PROFIi.
SECT 4B PLANT PILE CASE 2 DRAINED
36 8
0. 182. 100. 185. 6
100. 185, 161. 213. 5
161, 213. 107, 370. S
189, 230. m. 235. 5
196. 235. 207. 237. 5
207, 237, 242. 231.5 S
242. 236.5 387, S=6. 3
387, 236, 332. 237. 5
387.- 236, 332. 235. 4
224. 2.33, 387. 236. 4
208. 2Z5. 224. 233, 1
202. 233. 208. 235. 1189, 2178,. 202, 233. i
175. 219. 189. 228, 1
161, 211. 173. 219. I
155. 208, 161, 211. I
130. 196,3 155, 208. 1
103, 184.5 130, 196.5 1
100. IBS. 105, 184,3 6
224. 233, 240. 222. 1
240. 222, 512, 223. 3
237, 217, 240, 222. 3
198. 217. 237, 217. 2
I?B, 217. 2SO. 203. I
182, 203. 220. 205, 2
182, 205. 195. 193. 1
160, 193. 193. 193, 2
IAO. 195. 176, 183, S I
105. 184.5 133. 184. 6
176. 183,3 186. 183.7 1
166, 183.5 216. 167. I
1*3, 184. 216. 167. 6
216, 167. 237. 217, 1
216. 167, 236, 166, 6
2:6, 166. 410. 175, 6
410. 175. 370. I2S, 6
SOIL
6
108, 115. 0. 40, 0. U, 0
97, 104, 0. 59, 0. 6. 0
89, 89, I), 37. 0. 0. 0
49, 73. 0. 44. 0, 0. 0
133, 127. S t>. 31, 0, 0. 0

CIRCI.2
23 1* 100. 2tn. 100, 50*, 160. 13, 0, 0.

AR30i338
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PROF IU
SECT 4R PLANT PILE CASE 3 DRAINED
28 B
i). 182. 100. 183. 5
100. IBS, 161, 217. 4
161. 213, 139. 230. 4
189. 2JO, 196, 2S3. 4
t'6, 2W, 207. 217. 4
2W, 237, 242. 236.3 4
242, J36.5 387. 236, 4
387. 236, 532. 236, 4
387. 234. 532. 233. 2
224. 235. 387. 236. 2
308, 235. 224. 235. 1
202. 233, 208, 333. 1
IB?, 323. 202, 233. I
175. 219. 169. 228. 1
161. 211. 175. 219. 1
155. 208. 161. 211. 1
I3CI. 196.5 153. 208, 1
103, 184.5 130. 196,3 1
100. IBS, 103. IB4.5 9
234. 235, 240, 222. 1

liijl, 240. 222. 312. 222. 3
lW': 537. 317. 240. 222. 3

103. 134.5 133. 164. 3
133. 184. 216, 167. S
216, 167. 237. 217. 3
316. 167, 236, 166, S
2'6. I6A, 410. 173. S
410, 173, 570. 123. 3
SOU
S
97. 104, 230. 20. 0, 0, 0
69, 73, 0, 44, 0. 0, 0
89, 89, 0, 37, 0. 0. 0
131, 127,3 0. ". 0, 0, 0
f,. 0. 1600000, 30, 0. 0. 0
CIRN.2
"2 10 100. 210. 100. 500, 160, 17, 0. 0,
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PRDF!L
SECT IB PLANT PILE CASE) UNDRAINED
28 8
Q, 182. 100. 183. S
100. 183. 161. 213, 4
161. 213, 189. 270, 4
189. 230, 196, 233, 4
196, 233. 207. 237, 4
207. 237, 242. 236,3 4
242. 216,3 387. 236. 4
387. 236. 512. 236. 4
387. 236. 532, 2*3, 2
234, 235. 387. 236. 2
208. 233. 224. 233. I
202. 233. 208. 233, 1
169. 223. 202. 233. 1
175. 219'. 189. 228, 1
!61. 211. 173, 219, 1
133. 208. 161. .211. I
130. I96.S 133. 208. 1
103. 1B4.9 130. 196.3 1
100. 183. 105. 184.S 3
224. 333. 240. 222. 1
240. 223. 512. 222, 3
237. 217. 240. 222. 3
105. 184,3 133. 184. 3
133. 184. 216. 167. 5
216. 167. 237. 217. 3
216. 167. 236. 166, S
236, 166. 410. 173. 3
41V. 175, 570, 125. 5
SOIL
5
108. 113. 0. 40. 0. 0. 0
69, 75, 300, 0. 0, 0. 0
B9. 99, 460. 0, 0. 0. 0
123. 127,3 0, 33, 0. 0. 0
0. 0. 1600000. 30. 0. 0, 0
CIRCL3
22 10 100. 210. 100, 500. 160. 15, 0. 0.
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PROF! I,
SECT 4B PLANT PILE CASE 2 UNDRAINED
36 8
0. 163, 100. 185, 6
100. 185. 161. 213, 5
161. 213. 189. 230. 5
139. 230. 196. 233. S
196. 333, 207. 237. 3
207, 237, 242, 236.5 5
242. 236. S 3BV. 236, S
.•587. 336. 331.1. 237. 5
787, 336, SJ2, 235.
254, 23?, 387. 234.
209. SM, 224, 233.
202. 233, 208, 235.
189. 228. 202. 233.
)75, 2!9.. 189. 228,
161 ?M, 173. 219.
'53. 208. 161. 211.
130. 196.3 133. 208. i
105. 184.3 130. 196,5 I
100. 183. 103. 184.3 6
224. 233, 240. 232, I
240. 222. 512. 223. 3
237. 217, 240, 222. 3
I9B. 217. 237. 217. 2
198. 217. 220. 205. 1
162. 205, 220. 205, 2
182, 203. 193, 195. I
160. 195. 195. 195. 2
160. 193, 176, 183,3 1
103. 184.3 137.. 184.. 6
176. 183,5 166. 183,5 I
196. 183.3 216, 167. 1
133. 1B4. 216. 167, i
216. 167. 237. 217. 3
216, 167. 236, 166, 6
276, 166, 410, 175. 6
410. 175, 370, 123, 6
SOIL
d
I'13. 113. 0. 40. 0. 0. 0
97, 104, 230. 20. 0, 0. 0
89, 99, 460. 0. 0, 0. 0
69, 75, 300, 0. 0, 0, 0i:;, 127.5 o, 33, o. o, o
i), 0, '.6iXX'00. 30, 0. 0. 0

,-3 l(. ICin. 2l(i. IM. 300. 160, II. •>. '>.
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"RDFIL
SECT 48 PLANT PILE CASE 3 UNDRAINED28 a
0. 162. 100. 185, S
100. IBS, 161. 213, 4
161. 213. 169. 230. 4
189. 230. 196, 233. 4
196. 235. 207, 237. 4
207. 337. 242. 236.3 4
242. 236.3 337. 236. 4
387. 236, S33. 236, 4
387. 236. 332, 23!, 2
224. 233. 367. 236. 2
208. 233. 224. 233.
202. 233. SOB. 233.
189. 228. 202.' 233.
173. 31-J. 189. 23B.
161. 211. 173. 219.
135. 208. 161. 211.
130. 196,5 155, 20B, I
103. 184.3 130, 196.3 1
100. IBS. 105. 184.5 3
224, 233. 240. 222. 1
240. 222. 312. 222. 3
237. 217. 240. 222. 3
103. 184.5 133. 184, 5
133. 1B4. 216. 167. S
216. 167. 237. 217, 3
216. 167. 236. 166. 3
236, 166. 410. 175. S
410. 175. 370, !25, 3
SOIL
S
97. 104. 230. 30. 0. 0. 0
69. 75. 500. 0, 0, 0. 0
89. 89. 460. 0, 0. 0. 0
123. 127.5 0, 33. 0. 0. 0o, o. 1600000, ;o, o, o. o
CIRCL2
23 10 100. 210. 100. 500. 140, 13. 0. 0,
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PROFIL
SECTION 2B CASE I DRAINED
37 8
130. IBt. 149. 190. 3
MS. 190. 209. 230. 3
209. 230. 221. 231. 3
221. 231. 226. 232. 3
226. 232. 239. 240.
239. 240. 244. 241.
244. 241. 2B8. 243.
286. 243. 378. 244.
224. 230. 226. 232.
301. 233. 380. 232.3 2 _
224. 230. 301. 239. 2 T
211. 229. 224. 230. 4 L.
204. 225. 211. 229. 4
199. 220. 204. 229. 4
186. 219. 199. 220. 4
180. 210. 186. 219. 4
179. 205. 180. 210. 4
169. 200. 179. 209. 4
159. 199. 169. 200. 4
190. 190. 199. 199. 4
140. 183. 190. 190. 4
134. 181. 140. 189. 4
224. 230. 290. 209. 4
224. 209. 230. 209. 2 _,
224. 209. 236. 199. 4 f
206. 199. 236. 199. 2 *
206. 199. 218. 189. 4
191. 189. 218. 189. 2
191. 189. 201. 181. 4
130. 181. 134. 181. 5
134. 181. 140. 181. 5
140. 181. 17S. 181. S
179. 181. 201. 181. S
201. 181. 238. 182. 5
238. 182. 270. 183. 3
270. 183. 298. 183. S
298. 183. 380. 183. S
BOIL
3
69. 73. 0. 44. 0. 0. 0
89. 89. 0. 37. 0. 0. 0
123. 127.5 0. 33. 0. 0. 0
108. 113. 0. 40. 0. 0, 0
1. 1. 9999999. 9999999. 0. 0. 0
CIRCL2
49 10 130. 299. 130. 373. 171. 15.79 0. 0.
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SHEET_i_ol.Z=L.
CLIENT/SUBJECT ftM6u6g. - P5————————————— . W.O, NO.———————————
TASK DESCRIPTION *LOP£- SrflfllL/iY PflgflMgTgfcO_________ TASK NO,
PREPARED BY -"ant rohl DEPT_LSJl2——— DATE.
MATH CHECK HY . _^ DEPT,_______ DATE.
METHOD REV.

APPROVED BY

DEPT ... DATE

COv/tK,

Conknf - /I.. -26.S cô ot • 19.5V.
Max OTVJ OenOrlv (̂ T/̂  t_iS5?) .//-f- 115.5

of mix
• 'IS +J_

"i ^F ? fcl .
= i23 pC/ /

0.8-t

- 5

} * in. 5
O . AR30I35I

D-79
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SHEET -£_ol ——

f)TASK DESCRIPTION 5.
DDPDAQcn nv
MATU PUBPIf RV

METHOnR,PV,BV

jOP£ STftftlLlT'f

HEPT
IIBPT
HEPT

PA2fl|Vl£rê 5 T.«Wn

, I1ATF ....
OATF

nAyp

APPROVED BY

tlFRT DATF

cohtfnon - c.

ondramfd - cv-tr \$ ossuned TO be
cond-J"icnf> for botft _noim.ned and.
Atoned coses iinct r-ooJonafl ID
qianuia/ moleriQ-1 -mcd- i5 eQ5ilw

txpo^fd <3v/<ir rto t/itire. Wa

cUai/ieOL - - = 0

..

-V* " 33V t)o«d en .
(•\AP-C5-pP-oi -31*

PP-04 - 31°

Fl&/-OUi
f

/4>3,5'A •fraran iom̂ lc. /rorn

u DcYOiti/ for sosnolt 22- 2t pcf ^ from
' ' uo '92 -I/O "A -) ĉ

- - ̂  • 2*28
- 5- -L.

D-80
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CLIENT/SUBJECT———————————-———————————————— W.O.NO,
TASK DESCRIPTION

. DEPT.
MATH CHECK BY——————— DEPT.—————— DATE.
METHOD REV. BY ——————

APPROVED BY

DEPT DATE

6£flV

* 15

cohesion - Cf;
II::'i'1'

ondnxincd. - use, unconfined. corripr.i'.Oicn
i '; • dtxio. for qratj fiorcui, mcLkri
^ frcm bonnet a-> d'--*', i z - '

... ' c - 500 ps/1 f cû rooa of a
li'i:i-

- t -o asst/ncd o aiinouoh

, .
(boau canfo in 4rno rTu.feri.iJ
OLfcv frcm 2 • 5 J

friction anak- to

uncuajned

U
\

t

dur&ned.
BFW lO.Oi.OWMlBS
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CLIENT/SUBJECT
TAfilf nPQPDIDTIAU *i

METHOD REV. BY

-^^ ———— SHEETJL.ol__
_ . .. W.O.NO,

irtPf- arAa/LiTv' /weAnsraê  TASKM"
OEPT- . ..DATE-,- . ,
DEPT... -DATE- - . ,
DEPT , , DATE- .,,_„. .

APPROVED BY

nFPT OATF f
c

- Sample. tP-iaO'-'t') - aodcr otrid. slog lox|€r
(joaS dOS5ir-i<Cll Q5 GW

''.I "» 5 7 4" v/

(i.-s)y<u.2)
/«*. 1.25 <- 3 /

- Grain sue our-rntod-ion o^ sample TP-i6 fi'-
moa-f nearici ma-fche, the arcun JIUL/
d-i-HOufion 'of Dotkm ooln and ..oriorfi sloo
in Picx -i- (6eofccnnicoJl Prod-ice •fcr DI
aF solid: loosfe mod-cjriaJo - Jonc'll)
Or^ owrbiTu in Ro 7 for boH-cm _loCi .
aD 9-1.5 pc^ - Fran na^ d-ru
of boircw ilaq it) qa.bfQtl1 OAO gz-1- f?or ' I

oih- ^̂  °̂  aue/t>qe of fhesc
8018 8S pcf r

( (-tujlt/in G •• 2.9 Asi' boiltfllOCt \

uu* 3*1. -V. fVcm ftih

G
Thli sefifn1- l

D-82-
flFW IO.OJ.003/A.5U5 tilf IfTCVt Of 8 <>HJ - g*

ho' /°h.qc /
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• SHEETj£Lol__
""' CLIENT/SUBJECT ———————————————————————————— W.O, N0,_

C TASK DESCRIPTION
PRFPARED BY
MATH CHECK BY
MFTHODP.F.V.BY

it-OPe ATAfllUTY

• ., OEPT
., DEPT
_ OEPT

PflUflfleTBt. TACikMO

PATF
OATF

OATP

APPROVED BY

DFPT OATF

C I M3.5Hz.-r u> * 7u_ - £
.-fas t /2.1 ^

-- C.2.1 - J-
80 2l<-

= .435

cohesion- c. <wa_-ne, d/Q̂ ?d- ccnd^icn -tor

I both ahor-f t( Icn.) rtmn
oUx. -/o grcwiutcv (wjtf( drained)

tQJ
C - O1 fa

-trained.

no _heo/ afrcrq-fh dab 15
Tor andtf /sloa fnakric-J -Trcnn
Pile. - aram .ire, dî friDuiion o
TP-iS iam/ae, '15 eimihar +o

for uuhicn. sheou"
data 15 OJUOK Ictfele , Thert. cxre mo
-fmo «n fP-̂  Ou> bofh are
at -VA). cv'- -fS* for r/3-̂
Dirtid- sheoj dahx ftr botom a5h
and. OoHan _|QQ (Ta»l£2.)
IOUH; V c^ sfh' 1 3/.5f
Ĥ ese. stWTiplei homn. less Anei Wianfhe.
TP-I& 5o<n(3(e.. ft redjuad <5 fran
-fro*

i -5 '
RFW 10.0S.001IA.S/W D-B3.
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SHEETJa_ol__

TASK DESCRIPTION SUft — SlB.
PREPARED BY ' DEPT.
MATHCHFCKPY M-PT
METHOD RF.V, P-Y nf-PT

PilUTY PMAnertt. r.sxun
I-IATF

DATF

nATF

APPROVED BY

DEPT _ .. . DATE

•for -fh-5 .maltrioJ tui//
on poTcvrid'er,) to
/or, i-he. deP'efeol

* 86 pcf for andtT ood 3/OQ

for DMC ranqt. fron 10 fco 53.
Q pcf

a mo/i/uT-e ccnf-en/1 -150/. dot fo
CD of

. 6 • 2.t->
->1C fj.n-1 o/\o

i
cf
f

oePcereo nA6. cf\R£x>tjf\r6 rI.

/"Is. - J~

. »45 r
r..t -1- 1 «-•L-^T "a.w)

- .o - . SSfc /-or 5 • I
104* per (

AR30I357
. O
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I •p
SHEET-2_ol

CLIENT/SUBJECT———————————————————————————— W.O.NO
TASK DESCRIPTION
PREPARED RV

MATH CHECK BY
METHOD REV. BY

, ' , , DEPT, .
„ . , , DEPT, .

HFPT

TASK MO

n*TF
_ DATE ... _ .,
_,.„. DATE .„,,_,__

APPROVED BY i

pppt OATF

- cchestcn - undrained

half of-tnt unccnfintd ccrn,orosu/€,
oih erf one - -the. aouoqt of

-Jtiree twfs fa-'5Cunpie_ -from Dotn piles
i5 4tO psf - u->6 nc/ec«o

,C- •••••160 - 150 pjf far
2

• for the, dro/nfd cfl,-̂  Q-Bume c*0 j

v ono/e - fnc, onC i-
fo hcujt » <& •= 0 •Aa' rhe cnoLm/ned.

{,',1 • cose, - to - I-5* for cincUr/̂ laq ma>'y
frcm oUrefJ shea/ - hcut-û /' Vhi5
reduced 5 tastO en iil̂ -du-e. <jali>€5-
aiaunn̂  <ii -for cind-4r

•to be half of 40"
("S - .̂0" for un.tra.ncc. ' cose.

for drained cas-t Mie, ao-yoQa -'
t»-fr\

Si' = -10_J_3>*" "" cn"̂ =U fron 60 («-l<»'
2_ trflticJ do."!

ojuailorjic. fcf -,
' • laJ- -to tt. £<r»lwv/. uit. Icuitr

-D.J value - l__ ttoo iML-rti
_̂  <xl» Stffiort 1000-

D-B5
RFW10,05,0011 A. V«i
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3HEET_&-.ol__
CLIENT/SUBJECT ____________________________ W.O. NO,——————————.
TASK DESCRIPTION .
PnPBAR«:n "Y ' npBT
MiTHCHFOKPY PFBT
MRTHOPRFV.PY OF"

TASK NO

tlATF

_ .DATE .

APPROVED BY

CIFPT ..... DATE r
["'

tor-- tot) a -t5 pcf (from •fricX.J data.,)

•= if1 '/• ((&#.. cn -triQwcx.? iam/oie,
and nccf. moofure,
cÛ tfrniroficn an stptroJt, IF
scunoles) *•

6 = z.-H (̂of diafe)

aTl̂ u) 5= U-t = |.l(o

o UJS .^8 for .-I

= 89 t
r

Coheiior\ - c I

c • unCLrouned cuKrooe o
ccmpres_ion,

Q

/ c - draxfledL - o for gra.nolaji" •
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~*̂ *———— SHEETH-,01.

P

CLIENT/SUBJECT ———————————————————————————— W.O. NO
TASK DESCRIPTION ———
RDPDARPn RV

UATU PUS!f*l/ 0V

METHOD REV, BY,-

OFPT
nPPT
DPPT

TASK NO.

OATF

nATF
nATP

APPROVED BY

OFPT DATE

I .

- Fncticn dngle- $ •'

I I -v = o un.dra<nedL cose.
f \ cv- .!>V C7a feif do/a for d-T-(tf'-Zl'

of ftsf c» _-/ C-5Z-53')
5iri(_

blca; count, ar-c •iia lou.
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I. the page lf.,ned in thi4 framt it not a4 ntadabtt^on legible.at
label, 4,t 4.4 (ME to 4u64tanda«d colon on condition oi the o*-ig.Ina.! fiage.



SHEEU-2_ol.
Et',

j,
TASK DESCRIPTION——————————————————————————————' TASKNO,——————
PREPARED BY ——————:—— DEPT______ DATE.
MATH CHECK BY——————— OEPT_______ DATE.
METHOD REV. BY ——————— DEPT______ DATE-

APPROVED BY

DEPT————— DATE.

dndto-lStaJ '08 "5 0 -fO*

0°

123 12.15 0 33

wq i5 o -it1
/o6 /'S 0~ 40'

9> (Of, 0 39'

89 89 0 3?1
D-88

°

ci:
r
r

C.OUDmotJ$ ($ti<*.T T&M SH\6\UTY] |'

" ' " ^ I
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Soil
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n̂oJ

_ _,5100 i
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j
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SHEETJ-_ol___
CLIENT/SUBJECT ———————————————————————————— W.O. NO———————————
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OcuiWt 6-e)

*
rl^&'vn* 570 p-r

A H= (t(!K /2) Jtt»/_

•CALcryM C4&OWE. («_ do/a ror oamfl/C, 6-

£,„
./fl /

JS £-

AR30|t}57

flFWIO-Oi-OOJ/A-i/l!
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4.0 TEST RESULTS '

As sUted earlier, the testing program w» divided Into two tasks. Therefore,
the test results are presented In two sections; Section I shows the test
results for Task I (cover soil samples), and Section II Indicates the test
results for Task II (waste sanples). The table and figure numbers
corresponding to test results are sunmarlzed below.

Section I - Task I - Cover soil samples. d
TEST

Noisture Content
Grain Size Distribution
Atterberg Limits
Compaction
Falling Head Permeability
Consol Idated Undrained Tr1ax1«1
Compression Test

RESULTS PRESENTED IN

FIGURE

I - 1 to I - 16 ,

I -17 to 1 - 20
I -21 to I - 22

TABLE

I 1

I 1

I 2

Section II • Task II - Haste samples.

"RESULTs'pRESENTEo'iii"
itai

Isture Content
eclftc Gravity
terberg Limits

FIGURE
•

•

TAB

II
II
II

.E
1
1
1

Grain Size Distribution
Unconfined Compression Test
Consolidation Test

II - 1 to II -13
II -14 to II -21
II -22 to II -24

Consolidated Undrained Triaxial ! II -25 to II -30 i II
Compression Test j |

Filling Head Permeability Test ! - i II
Direct Shear Test j II -31 - u -33 |

I.
E

2

3 !
i

no • flR30U72 ,''
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3. L̂ T p.

The layout of the Process is shown schematically in Attachment 2. • '

4. EmAcricN ae MOH.IALS FKM THE PILE I
The working area is completely enclosed and maintained under negative »>
pressure. The fan is discharged via a HEPA filter. The working area lij
will be connected to the main building by an enclosed walkway. "'

People working In this area wear type C respirators and protective ||
clothing. -*-•
All standard procedures and tests for an asbestos working area will f|
be used. ' if
Anended water and/or removal consolidants will be used to control _,,,
fiber release, if necessary. K::,: W1
A plastic shroud will extend, away from the working face, along with
the surface of the pile. It will be secured to the face of the pile v-f|
to provide an airtight seal. . ' {jw
The top soil covering the area of the pile to be worked will be pr
removed and placed in polyethylene bags. Some of this soil will be p
processed as part of the demonstration. The remainder will be
returned to the pile and covered as part of the reinstatement.

The exposed original pile material will be moved by vacuum from the I;
working face to a receiver in the materials handling zone of the
Vitrifix unit. Large items will either be broken up and vacuum p:
transferred or set aside. I

5. RECEIPT OF MMEUALS I

The principle additive materials is glass, but it Is also likely that
a quantity of sand may be required, depending on the analysis of the |
p.ile materials. |

The glass and sand will be delivered by truck and placed inside the ,
'dirty' area before processing begins. If more material is required

AR30U82
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during the operation of th'e~un"it it Mill be bagged and transferred
manually through an airlock.

6. PREPARATION AND MIXING

The required amounts of pile material, glass and sand will be placed
in a bin which will be lifted by an electric hoist and discharged
into the screw charger which feeds the Vitrifix furnace,
This zone is a dirty area and will be maintained via a HEPA filter.
Those working in this area will be wearing type C respirators and
protective clothing.
All standard procedures and tests for an asbestos working area will
be used.

7. FURKACE OPERATION

The furnace is shwvn schematically in Attachment 3.

The screw charger barrel is sealed as it passes through the screen
between the dirty materials preparation zone and the clean furnace
zone. It is also sealed into the end of the furnace.
The furnace superstructure is sealed .and the furnace is maintained
under negative pressure. The waste gases are discharged via primary
dust filters and secondary HEPA filters to atmosphere. These flue
gases will be tested to ensure that there is no release of asbestos
fibers.

The glass leaving the furnace is quenched with a water Jet. This jet
not only cools the glass but also breaks it down into small particles
and transports the glass to the receiving area.

The furnace is well insulated to conserve energy and provides the
same working environment as a regular, electrically powered, glass
making furnace.

No special clothing is required for normal operation but heat
resistant clothing will be provided for emergency work. All OSHA

F-3
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.
requireromtB for tha workers "rrill ba adhered to. In addition, •
personal and general environment monitoring will be done, __

8.

This comprises three parts, the monitoring of the working area, the . L
discharges from the Process and the confirmation that the general
environment has not been affected, r»i

I !
1. The working areas will be monitored in compliance with OSHA •

regulations. In addition, the furnace sone will be monitored
to demonstrate that it is clean. If'• m

2. The discharges are:
a. Flue gases: these will be sanpled and tested to ensure l_

that they meet the required standards.
b. Process water: although thia is only in contact with the •,

clean glass product it will be sampled before and after B1
it is used.

Jic. Product: the glass produced will be tested for the rtjj
presence of asbestos. *-'

3. The general environment will be tested before and during the ff
demonstration to show that the background level of asbestos *i
fibers has not been affected by the process.

9. TESTING; AND SAMPLING
All test methods and sampling techniques will be defined in a I
protocol to be agreed.

F-4

L10. REINSTATEMENT

Mien the demonstration is completed the waste pile face will be I
shaped, covered with soil and reseeded, [

The contaminated areas will be cleaned and the various temporary
structures will bo removed. I

IMhe page -Jilmed in this rfrane is not as readable or legible as this Vi/
label, tt ts due to substandard color or condition ot tht oniginal pagt. Hi



I

TIN Vitrifix Proceia
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u. Praia
All persons entering the site will be given written safety
instructions u to their conduct on site. Any person found to be
disobeying safety instructions will be subject to dismissal from
site.
Those persons who enter the dirty areas must have;

a, received certified training in asbestos procedures; and

b, pennlsBlon to enter site.
AU operating personnel will receive training in asbestos procedures.

AR.30U85
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U.S. EPA Enforcement Approach to Asbestos Site Cleanup
Deborah S. Dillon

U.S. Environmental Protection Agency
Office of Waste Programs Enforcement

Washington, D.C.

ABSTRACT formation from which 10 Infer the dtnier of cancer from Into-
A number of ubejtOMOntaininated iltei are lilted on the N»- lion of aibeitos fiben In food or drinking water.

lioul PrloriO- UK or have bctn considered for U.S, EPA emer-
ttacjr MJOOI, Of UKM, four have beta the lubject of Intensive Lepl Sum
U A EPA enforcement cfforti 10 obtain ilte cleanup by potentially Aibeitoi U Uilcd u i luzardoui ilr pollutant under the Clan
ropmibk putfct, CouUcntloni used In Klcetlni the appro- Air Act (CAA), section 112. Aibeiioi ilr emUiioni are reiulated
priate remedial mpoue at each of then ilia will be dimmed by the National Emluloiu Sundariii for Hazardoui Air Polluianti
uddwIbalcleanupacllonwlUbedaalbcd, (NESHAPS) at WCFR Part 61, Subpart M. Aibeito. U toed at a

tonic poUutani under Kction J07(aXI) of the Federal Water Pollu-
lion Control Act (FWPCA). Aibeitoi ii mutated In workplace!

undertheTo»icSubiiance»ControlAci(TSCA).' A " " 0 " - * -toio« -"«• I*"*"" •*•- ••••- Badcr *"
RCRA n*aMam «° CFK Put«"''" ******** V̂ '"«rat« •*• «ui(i«rdi of lhe "•"'"•*•'to1®*™ of RCRAJI(XM(i),ThUto1dcpropenyofa,b-toaaUowiuKOfiheiubitan.

. . . . . . . . . . . I pur-
poiei,.BecauH of III lutlni In CAA and FWPCA, aibeU/M li, by
definition, a hazardoui lubilance under CERCLA 1101(14), en-
abllni lhe U.S. EPA to lake removal or remedial action with lhe

» ̂ .nliUL'iUIi'Â k. ih. .«»o.rh,.!,,«in i. Superfund or to take enforcement action for cleanup through
^̂ tt£X~̂ «tS«t .̂ ô̂ o,judlcla,Wlon,under«,M.MIdforco,,

Several enforcement actlont have leitcd the U.S. EPA'i re-
iponie and enforcement auihoritlei. The U,S. EPA hai prevailed
in ihoe actioni, In 198), after oral anumcm and testimony In

; U.S, v. Johni ManviUe tt «/., the U.S, Dinrlct Court of New
ASIEST06 Hampihlre found "that there hai been a relcue or there exiin a

lubiunlial threat of a rclcaK In the environment of a haurdoui
SdrMtflcState lubilance ai contemplated by !104(aKI) of CERCLA" and
ThcdefUllonofa.bcuoi.UttdlnllwGloiiaryofGcoloiy'ii; ordered two defendant! to allow the U,S, EPA accctl to their

__, property to conduct a removal action (ImtaUatlon of a cap), In« comncraal tern apptttoio a group of hiply fibroin illicaie joĵ  |n uisi Vi Meute Aibetloi n al., the U.S, Dinrlct Court of
Nnanb thai readily Mpatautuo loni, thin, itroni fibcn of Ariiona found, on a partial luminary judgment motion, that u-
wffltiiai fMbUry to b»,w<mo, are heat miitanl and chem- m̂ li a hanrdoui nibitance underthe dennillon at 1101(14) by
way inert, and nltaMf btMH (aa In yam, doth, paper, paint, »)„„, „, ,ne fw ,(,„ ubalo, ta ar-fâ  Mder section 307(a) of
urau Minp, uiea, imgUMonctil, lillen and niten), where FWPCA and under Section 112 of Clean Air Act, The court ruled
"wwmuuwe, nonroodxttnf. or chemically ralitani material ^̂  lh, defendant!1 interpretation of the RCRA encluiion of
'"V-**- mlniniwaita

,' A nintnl of the aibenoi froup, principally chryutile (ben
"dapled for ipinnini) and certain flbroui varietie* of amphlbole SITE INVESTIGATION/CHARACTERIZATION
(eiaĝ li;tien)olile,acllttOliK,andcrocidollle).'' The development «nd iclection of rcmcdici al aibalM litei

vario little In lit proccu from lhe proem uied ai any other hai-
Inhilatloo of aibcnoa flben U known to cauw cancer in ardoui watte tile, Dn one hand, dcciiloni are made caiierbecauK

"•WM. Specifically, exposure lo ubenot can cauM broncho- there ii no information indicating tubiurface lateral or downward
Me cardnomai In tbe liuif and pkural and peritoneal mcwthd- movement of aibeitoi in a landfill and uboloi it not a reiulated
J*0-. aAcr a latency period of up lo 30 yean. Aibatoi it alio haurdoui wutt under RCRA lubtitle C, However, ilte inveitlia-
•*>** to lead lo rapbatory aibaioiii, chancterlicd by fibroiii, tloni an made more difficult bcAiOt ftillyib IndSiirtnilflcation

' •- i of the pleura,1 There U very limited In- of aibeiioiii both complex and dHHAerpYct/U
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___ • used for lhe Identillcatinn ••"* iiigiUl'"'T "' ••h~'"' ln «!••
Ai with any other hazardoui wane ilte, it to Important to dc- water and lymisctlDolarized light microtcop)', tranimlulon

(ermine the tcope of decontamination and possible movement or electron mlcmcopy, tcannlni electron mlcroKonr and x-ray dlff.
irampon of the haurdoui substance off.sitc. Aibcnot slid dealt raction are uieful but limited methodi. Langer1 describe! then
with under Superfund have prinurily been the result of watte dls- methodi in some detail.
poul from mining, milling or manufacturing fadlltl- in the lm- Hectronnucroscopyii most tjpeiuive and ukcs the lonrest time
rnedUte area of the site, AibestM contamination of soils Is the re- lo perform but will detect UK imalto! fibers. Polarized light micro. ' '
lull of diner on-site waite disposal actlviUci or the mult of off- scopy cu be done on-alle or by many nearby laboratories for lea
site deposition 'of aibaloe pirticla through soil erosion from lime and money, but may be limited In lu detection capability.
surface water or wind. There is no evidence to date of significant If lhe point of lhe sampling to 10 dcmonnrate to the court that as-
subsurface downward or lateral migration in soils, However, there bcnoi hai definitely been released Into the air and cost and time are
may be upward movement of aibeitoi panicla or products due lo not obstacles, then electron microscopy may be the method of
freczc-thaw effecti common lo rock migration in northern and choice,
New England soils, There to no documentation of iroundwater If real time monitoring data are needed during a phase of clean-
iraiuponofaibatoiparticlei, up, then an on-sitc laboratory with polarized light microscopy
Surface will and soli corn ihould be taken to Investigate the capabilities may be the most uieful. Choose the analytical method

anal extent and depth of contamination at and around the site, that ben fit* your short- and long-term needs, timing and budget.
Site vegetation can be sampled after a wind or rain norm to in- Consult with your analytical laboratory during lhe design of tarn-
venigate whether aibestoi may have been transported from the pling plant w that Uw analytical regime matches the rigorousncsi
toll, into lhe air and resettled on vegetation, Wipe samples should of your umpling. If you an Involved in an enforcement case, con-
be taken from building! or equipment on-ilte. If the site contain! lull with your aibam expert witnesses regarding Ihdr need! and
buildings or equipment which have air fillets, thoe (Uteri can be experience,
lampled, The mod difficult problem to to relate the number of percen-
Air sampling may be the next logical step. This analysis require! (age of fiben reportod'in the analyato to the quantity of asbestos In

fairly sophisticated daign procedure and may involve weeki or a soil sample, A direct concentration (ppm or li by weight) to not
month! of continuoui sampling with many air umpling devices, reported; rather, analyw give the number or percentage of aibo-
Prior consultation with ipedaliiti in asbestos and paniculate sam- "» fiben per mlcroicope field examined, Relating these data to
pling to recommended, particularly if an enforcement action to In- traditional method! of Interpreting data and eatimatini expoiure
volved. Expcrti differ in their desire for air sampling data 10 sup- potential to difficult, Air ampin offer seemingly more direct re-
port Ihdr testimony that population! on or surrounding the site lulu of nurabcn of fiben per Birr of air acrou the filter, How-
may be endangered, h to very difficult and potentially very costly ever, the lamptlng dcrign It mm difficult because the variable!
to design an air sampling program which actually produce! raulu may in note dlfficuUlo coon).
uieful for estimating population exposure. In general, il can be toffctlly argued that aibestoi documented
Modelling studio may be quite useful in atimaiing typical and on lhe surface of a Ae can be, and b, iraniported off-tile by wind

wont case air transport If Uw following Information to available: and by lurface water runoff, to later be available for re-entrain-
meteorological condltlou (wind direction and speed, temperature), memandwrjtequtatexpowre, ' r
toll and aibntoi particle iln and deniiry, loll and air moisture
condition!, ilte activity, tile topography and asbestos conccntra- FCASBIUTV STODBS/REMEDIAI. DESIGN
tioni, ll may be tinw-coniumlng and of questionable con-cffcc- /" At into point In time, laere b only one option for permanent
ilvcncn 10 attempt w verify modelling raulu with an Intensive air S dbpotal of aibeam; that option to burial, There are several ways to
sampling regime, depending on the estimated cleanup con for the j accomplish into mutt dcpcadfeg on the ilze of the site and lhe
ineandihefinandalviabUilyof responsiblepanta, / volume of atbettoKOMuiaaMd nil; (I) excavation, transport,
Ai with any ilte, historic.! land UK record! and photographs | off-site landfllling; (2) burial in an on-slte pit or landfill; (3) cap

may be uieful In directing the umpling cffoni. BecauK visible In place.
emtoiloni from asbestos milling, storage, manufacturing and dls- Became aibatot to neither * wane listed nor regulated under
poul tita are a violation of NESHAPS, photograph! or docu- RCRA, disposal ilia do not have lo conform lo subtitle C nan-
mentation of these occumnca may be valuable both for their dardi. Off-site disposal ot aibestoi wana front a Superfund site
evidence of the air transport ot Uw wana and ai a bails for a may require a JusUficatioo to be exempt from lhe U.S, EPA/
Dean Air Act count in any enforcement action. OSWER Off-site Dtopoul Potey whkh require! Superfund wana
information about site activitja b alia lucful In alleging or a- totediipoicdofonlyMaiieawUiRCRApcrmliiandagoodcom- _.

llmatlng expoiure lo asbotc*. In one toxic lona case, lhe plain- pliancc record, At lie doe of into paper, Uw issue had not been ,]
liffi went to far at to opens* lawn mowcn, motor bikes, roto- railed on a site-specific bade. However, adequate arguments that L.
lUlen, etc, on a residential rile with personnel monitor! and en- aibaloe wana do not require the ground water protections inner-
vlronmental air monllon uncord theaibamentrained in the air entlnirMSubtittoClaaa^pe.mtttingproceucanbeinade, Gen-
andavalUbw,inUwbreatUi4nine.Thtomayormaynotbenecei- era! requirement! for totid wane dbpoial under RCRA do apply I
sary, fruitful or desirable depending on the need! of the aibatoi (40 CFR Part 237), I,
expert) retained to work on the caw, Some -mall amount of liter- Under the Clean Air Act, NESHAPS require! closure of an as-
• ature exbu which could be extrapolated to then activities, Caw- bam tile by covering UN aibestoi material with at lean 6 in, of
specific decisions ihould be rude balancing costi, benefit! and un- compacted dean fill material and vegetation or 24 In, of com- I
cerulmla, pactcd dean fill material (DO vegetation) or a roinoui or petroleum |

. baied dun suppression anal, The drawback of the latter method to
Aiaryati * that she dust suppression, arnt mint be reappllcd al least yearly
Then are a number of unccnaintia resulting from the difficul- 10 maintain maximum effcctmnoi, I

lies of selecting a method of analysis, performing lhe analysis and A general dtocuuion ot asbestos waste management to given in (
Interpreting and applying the rciulu, A number ot methodi ire U.S, EPA publication number 330-SW-U-007, MnrtyM.ien- o i
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tided "Aibeitoi Wane Management Guidance.'" Choice of a re- nearby resident! during the excavation and transporter the wana,
medial option ihould be based upon a number of facton In addi- whether lo an off-site or on-lit-, landfill, It* of 'concern. The
don lo RCRA and NESHAPS, In soon cam, lhe minimum re- scope and Intensity of protective measure! will affect the con and
quired standards may be inadequate for a long-term remedial re- feailblllly of lhe Job and lhe oversight required,
spooK, Ai mentioned above, dun nipprenlon agenti have a finite
short life, 6 in, of fill may not be an adequate cap In difficult ell- Residential Site Considerations
mates or steep topography and vegetation may be difficult to If then are mldenca on or adjacent to the site, sampling of M.
establish or maintain, In III enforcement actions, the U.S. EPA lied dun ihould be done in those resldenca to determine whether
luu focused on obtaining a remedy adequito for 30 to W years, asbestos hu been transported from the site Into them, Where there
The following consideration! have been uied In selecting, recom- to information that asbestos attributable to the slit to proem In any

mending and/or approving remcdla at RCRA and Superfund en- building (aside from aibatoi that may have been Innallcd u in-
forcemeat sites; nilation, tiding or flooring) a decision must be made u to Uw

"**" "* ""'
llmaybenarytotemporarilyrelocatenearbyraldeaudur.

i»l I"** "f I'-"-" lite work and building cleaning activities,
-1" U'S' EPA temporarily relocated several families adjacent to
ilia In New Hampshire baled on recoronendalloni of lhe Centcn

ftnrnm relocation to an option tha ihould be considered In

-._.-_ -.-_-.. ... — -..- from mobile homes at the Mountain View Eitata in Globe, Art*
•rheflm decision to be made b whether the remedial action I0nl1' iflef deddl"1 lhM lhe moll"c homi'< couW not b* cle"clt

"̂flTSIhl bê Ieeded' lo'ailow formal luburbvltti-
ilte transport, On several sites In New Hampshire, asbestos man-
ufacturing bag wana were used u fill In minhy areas or ravines,
Becaiue of the depth of possible excavation and the large amount
ot wane lo be transported, li wai deemed more con-effective to
cap the wana in place, The concentration of aibaloi in the soil DecUoi n; Cap la Place or Cnale Oi-Slta UadlU
and lhe accessibility of lhe site also contribute to the decision to If it is decided lo complete the remedy on-siic, the second de-
excavate or cap In place, dilon to whether lo cap lhe contaminated area In place or to ex-
On several smaller sites In New England, there wai only a small cavale and place lhe material in a burial pit or an on-ilte landfill,

surface area a fool or so in depth of contaminated soil, In these Again, the volume of lhe waste to a primary consideration,
cues, il wai more practical and more protective of health to re- Topography or lhe physical characteristics of the disposal site
neve the contamination and transport il lo Uw local landfill for are also consideration! because of wind and water erosion. If the
proper burial, wana are In a large tailing* pile or on a iteep slope, It may be
Residential sites ihould be looked al carefully to analyze the more secure for the long-term lo remove the wastes lo a burial pit

types ud location! of activity and Uw tocatlou of aibatoi con- or an area where they can be leveled off to the surrounding lopog-
t-wlution, Certain typical luburbaa activita luch ai gardening raphy, A soil cover over a large steep tided pile may be a measure
«ndluklsciptagrnaypredudeoo<it«dlipoialorcapping, requiring a high degree of future maintenance because of the in- \
At a result of a scope or contamination study performed al creased possibility of erosion, Health anfufely consideration! for I

Mountain View Enaia, Olobr, Arizona, It wai found thai there workers and the surrounding population may play a part In the 1
*ai a fairly uniform distribution of aibcnot over each residential choice of capping In place or excavation lo a new landfill site, )
w, To adequately protect resident! continuing lo reside In the sub- /
division, there were three option! other (ban permanent rcloca- Cap Design
% (I) installation of a cap In excoi of 3 fl, (2) installation of The design of a cap need not be strictly in accordance with <
•"•J- cap with reurictloni on any gardening, or (3) heavy UK of RCRA regulation! became, In the case of an aibestos closure, the /
we mi for recreational urn or (3) complete removal of all asba- cap serves a more limited purpose than for normal hazardous /
""̂ contaminated MU. These options wen rejected upon conild- wana; for asbestos, 'the purpose of the cap li lo prevent renter-
"•*•. of Uiese and other facion dtocuued below. Al one site In gcnce of the waste- on the surface of the ilte through the processes
Nw Hampihlre, a pocket of asbestos-contamlmied fill wai re- of wind and witer erosion, freeze/thaw cvda and site UK, At
"wved from a resident!.! lot because It wai deemed more protec- U,S, EPA enforcement sites, the UonlnalideoiN nMM toil can
live of health and wai fcailble and con effective lo excavate, hu varied from A in, lo 5 ft, depending on lopograpnicar leatura,
A decision lo transport off-ilte necessitates excavation of the rainfall, winter temperature extremes, vegetation requirements,

*-Mei; and consequently, the health and safety of workers and future maintenance requirements and future uses, Caps hive been
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nntthed of f with gravel, rip rap and/or vegetation depending on Visible em'::loru are a violation of NESHAPS, They also to, -^
Uw fomteable maintenance requirement!, climate and aesthetic!, danger site pcnonnd and contribute lo nff-titc air innipon, Spe-1 •.
In mon enforcement action!, the U.S. EPA hat been reluctant 10 cial consideration must bo given IP dust control with water and all
accept the 6-ln, plus vegetation minimum under NESHAP be- dun suppressant, If the aibeitoi to In Urge tailing! pila, u ll h
cause of doubti about how long the cap would laii due to erosion been at several ilia, the interior of the piles may or may not ha\ p*,,
and continued die uw. moisture content sufficient to prevent cniralnmcm under ligr , f
The Corpt of Engineer! u Uw Cold Reglom Research Labor- wind conditions during removal activities, A moisture content ol l,;

atory in Hanover, New Hampahln bu recommended a minimum 10ft in addition to coutant soaking during excavation lo prevent
of 2.5 fl of soil ai a cap tot New England iltcJ because of re- moliiure losses through evaporation U recommended m these situi,_
search which found that then to an annual upward movemenl of iloni, f
pcbbla, rocki and presumably aibatoi particles through lhe ac. Bulldlnp on or adjacent lo the ilte ihould be sealed 10 prevent i
lion of freezing and thawing.1 They recommend that the top of the dun Infiltration, Air circulating equipment ihould be shut down,
asbestos layer be lower than the mean freeze line in the soil after and Intake venti ihould be covered with sheets of plastic, Doors, _
the cap to Installed, wlndowi and foundation and roof venu ihould be sealed with pits-1;;
The Arizona-Nevada Area Office of lhe Corps recommended a tic, too, After the ilte work hai been completed, buildings ihould L.

minimum of 2 fl of cover nil material al the Mountain View Eslites be hosed off. Equipment used on the site should be cleaned prior
lite because of the desert climate and the potential for heavy norm to Installation of clean cover material, Equipment air filten ihould „,,
erosion, The State of Arizona will assume maintenance respon- be replaced prior 10 use on any other siie. Iy
libilitia for ihto site after coniiniction, However, a 3 ft layer of liij.
toll wai chosen at the adjacent Jaquays site because of the higher MAINTENANCE PROVISIONS
concentration of asbcjtos in the taillngi and the need lo design a Selection of cap design for dlher a burial pit or an above ground _
remedy with minimal future maintenance by the owner/operator. landfill should take Into consideration the intensity of maintenance 1;
Linen have been uied at several sites, primarily to stabilize ex- requirements and the presence of some private party, company or j_,

cavatiom or to indicate extensive erosion, The linen have been governmental entity 10 continue oversight, maintenance and repair
both PVC and woven filter fabric and have been uied on lop of of the cap. The leaa likely a party to to be able to continue intensive
rather than under the aibatoi contamination. In Ambler, Penn- maintenance, lhe more Important the depth of the cap and we Ii j
lylvania, a malting layer of paper fiben In polypropylene wai choice of vegetation or (Intoning layer of rocki bccoma, Content H
used on lop of the clean fill to stabilize the stccp'ilopa of (he decrees or orden should contain specific requirement! for main-
aibatoi pita during the time it look far lhe vegetation 10 become taming the Integrity of the cap through regular fertilization, pH
aiabltohed. Became then to no Information that ubatoi migraia adjustment, mowing, roecdlni of vegetation and regular check! m
downward or laterally, a bottom liner is not needed, *\ and repaln of erorion damage or subildence. |ji
The depth of Uw cover or cap to relevant also to the ability to I

establish and maintain vegetation. Some aibeitos wastes are highly \ FUTURE USE OF PROPERTY
alkaline and may be very high In magnesium, The New Hampshire. / Deeds or property records should be noticed with the location.
and Pennsylvania dia have bad pHi ot 12 or more, Too little toll I «« and depth of buried aibatoi wasta, Property when aibc/*-
on lop of the asbatoi wuta could result In vegetation being un- / hai been buried on-iite can be uied In wayi limited only In to farV
able to betomaeiiabllshed or dylngafterieveral seasons of growth, acap or burial pit com ihould not be disturbed, If It to Decenary
In addition, aibaios tailing! an lacking In nutrients, If a Icuer to dlnurb the cap, can ihould be taken lo rebury asbenowon- l|i
depth of soil il used for a cap, the maintenance requirement! laminated toil securely; Uriel health and safety procedure! ihould (li
ihould require frequent fertilization and pH adjustment lo main- be observed during additional construction, U.S. EPA consent dV
tain a healthy mat of vegetation, crca have Included requirement! for a deed notice and advance
Vegetation to recommended to nabiUze lhe cover when adequate notification and prior approval of federal anil state agenda for f.

ntinfall to available to maintain growth without irrigation, Tne any activity which would disturb the cap over an aibestoi wane |
Carpi of Engineer! and lhe;Sotl Conservation Service hive been dtopmal site.
very helpful In selecting vegetation typo, monly graua and ....
around coven such u crown vetch, that are adapted lo specific CONCLUSIONS I|j;
climate rcgioni and particular wll lypa, In ireai with little natural An aibaloi wane disposal tile ihara many consideration! and |;„
rainfall or on iteep tlopa * gravd or rip rap (Wining layer ihould feature of iu Investigation, remedial doign and remedial Iraple-
be used in place of vegetation, Asphalt or concrete paving to an- / mentation with other haurdoui wane slta, However, there are a
other option for i cap, nptdaUy on ilta which may be deslg- \ number of Important differences, Asbestoi to not a regulated haz-1
nated for industrial UHB, parktni kxa or drivewaya, / ardoui wane under RCRA Subtitle C taut to a reiulated hazardous |_

) air pollutant unda the Clean Air Act, Asbestos to, however, a haz-
...< . I ardoui substance under CERCLA'

SITE CONSTRUCTION WOW *• The primary endangerment from asbestoi resulti from air Irani-1
Some general recommendation have been nude to guide respon- port and Inhalation exposure, There to lltiw evidence that aibatoi I

slble partia In the drafting of health and safety plant, OSHA- mova downward or laterally In subsurface soils, The primary re-
approved respirators ihould be required. Woik clothing need not medial respoiue for asbestos to burial, There an three major mcani
be Impermeable but should be disposable or able to be cleaned on of iccompllihlng ihto response: (I) excavation, trantpon and off-1
site. Under no dreumiianea ihould workcn take contaminated site diipoial; (2) excavation and on-iite disposal; and (3) capping I
clothing off lhe site for cleaning. A number of epidemiology stud- in place, A number of consideration! are dimmed in into paper
'ia have luggated that contaminated clothing can be a significant for selection of remedies which are appropriate whether the govern-
sourceofexpoiuretofaraillcsofasbeilosworken. mentor a private party will perform the remedial construction, ILi
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